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ABSTRACT 
This thesis is an experimental study of the single/ 
geminate contrasts in Iraqi Colloquial Arabic (I. C. Arabic). 
It falls into two major parts. 
Part One is the theoretical part of this study. It 
comprises two Chapters. Chapter One explains the linguistic 
significance of gemination in Arabic and sheds some light 
on the historical background of the phonetic studies 
initiated by the old Arab grammarians. The syllable 
structure and the stress patterns both in Classical Arabic 
and in I. C. Arabic are dealt with. Recent theoretical and 
experimental studies on Arabic gemination are reviewed. 
Chapter Two presents a general survey of the literature. 
The distinctions between long, double and geminate consonants 
are clarified. Theoretical and experimental studies on 
gemination in languages other than Arabic are also reviewed. 
Part Two is the experimental part of this study. It 
comprises five chapters. Chapter Three is an initial 
investigation that illustrates the acoustic characteristics 
of single and geminate consonants used in isolated words as 
well as in contextual utterances. Chapter Four is a 
synthetic investigation of geminate consonants carried out 
with the help of a microcomputer. It investigates the roles 
played by the segmental durations in the perception of 
single versus geminate consonants in I. C. Arabic. The theory 
of 'categorical perception' is then discussed in relation 
to our data. Chapter Five provides a palatographic evidence 
ix 
of the distinctions between geminate consonants and their 
single counterparts. It also reviews earlier palatographic 
studies and discusses the main advantages of the technique 
of palatography, both static and dynamic, in phonetic 
research. Chapter Six represents the major experimental 
work in this study. It investigates the articulatory, 
aerodynamic and acoustic aspects of the geminate/non-geminate 
consonants in I. C. Arabic. Two experiments are included 
in this chapter; the pilot experiment and the main experiment. 
Because a considerable number of variables are involved in 
the two experiments, the results have been subjected to 
statistical treatment, including the statistical test of 
the 'analysis of variance'. Chapter Seven is the final 
chapter in this thesis. It begins with the conclusions one 
can derive from this study and ends with our suggestions 
for further investigations. 
The major conclusions that can be drawn from this 
study are the following: 
1. duration is the overriding factor in distinguishing 
a geminate from a single consonant both perceptually 
and productively; 
2. there is little or no evidence for 'rearticulation' 
in the production of geminate consonants; and 
3. no compensatory adjustment in vowel duration was 
observed in vowels preceding the two types of- 
consonant in word-medial position. 
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The following are the phonetic symbols used to 
facilitate the reading of the test words as well as the 
examples mentioned in this study. 
1. The Consonants: 
Symbol Description 
p a voiceless bilabial plosive. 
b a voiced bilabial plosive. 
t a voiceless denti-alveolar plosive. 
t a voiceless denti-alveolar emphatic plosive. 
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z a voiced denti-alveolar fricative. 
f a voiceless palato-alveolar fricative. 
x a voiceless uvular fricative. 
Y a voiced uvular fricative. 
h a voiceless pharyngeal fricative. 
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E a voiced pharyngeal fricative. 
h a glottal fricative. 
tf a voicele ss palato-alveolar affricate. 
d3 a voiced palato-alveolar affricate. 
m a voiced bilabial nasal. 
n a voiced denti-alveolar nasal. 
r a voiced alveolar flap. 
1 a voiced alveolar lateral. 
w a voiced labio-velar approximant. 
j a voiced palatal approximant. 
2. The Vowels: 
Symbol Description 
i a short half-close front with lip spreading vowel. 
ii a long close front with lip spreading vowel. 
ee a long half-close to half-open front with lip 
spreading vowel. 
a a short half-open unrounded vowel. 
as a long open front unrounded vowel. 
00 a long half-close to half-open back rounded vowel. 
U a short half-close back rounded vowel. 
uu a long close back rounded vowel. 
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INTRODUCTION 
Gemination is a significant feature not only in 
Arabic but also in many other languages. Long ago the 
old Arab grammarians realized the significance of gemination 
in their language and they subjected it to meticulous 
description and analysis. Until quite recently most 
studies on gemination in Arabic have been in the main purely 
phonological and, to the best of our knowledge, there is as 
yet no adequate phonetic investigation of this phenomenon 
in any Arabic dialect. It is the aim of this study to 
investigate experimentally the phenomenon of gemination in 
Arabic and describe its relevant phonetic features. 
Within the framework of the present study we have 
exploited the use of a variety of instrumental techniques 
to investigate contrasts between single and geminate 
consonants in I. C. Arabic. The acoustic data were obtained 
by making mingograph traces from intensity-meter outputs 
and also by making spectrograms. The aerodynamic data were 
obtained by making simultaneous mingograph traces from 
intraoral pressure and volume airflow rate outputs; whereas 
the articulatory data were obtained by making mingograph 
traces from the inferred oral area outputs and also by 
analyzing palatograms of the studied items. The perceptual 
data were obtained by conducting experiments using synthetic 
speech. 
The material of this investigation represents words 
widely used in everyday speech by educated Iraqi Arabic 
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speakers. Although the author of the present study comes 
from the city of Basrah, the dialect he uses and that of 
the other subjects does not belong to any specific area in 
the country and it can be heard everywhere. It is, in 
actual fact, readily understandable by all native speakers 
of Iraqi Arabic. This is most likely due to the influence 
of the different media of communication, such as television 
and broadcasting stations. Despite the divergencies among 
the dialects now existing in Iraq, the style used in this 
study is the most familiar in all parts of the country since 
it is not strictly marked by outstanding regional character- 
istics. It is not surprising if some Iraqi Arabic speakers 
disagree with the pronunciation given to this or that word 
for it is a common fact that no two people pronounce exactly 
alike; and it is well known that most people are unreasonably 
critical of a pronunciation which they do not happen to use 
themselves. (MacCarthy, 1950). 
Albeit this study is primarily based on experimental 
work, we have found it very useful to start with a phono- 
logical background of the phenomenon of gemination in Arabic 
so as to help the reader understand its phonological sig- 
nificance before discussing its phonetic features. We 
greatly benefited from the use of various statistical tests 
to estimate how significant our results are at every stage 
of this work. This helped us to evaluate the significance 
of our results and assess the reliability of our findings. 
PART ONE 
LINGUISTICS OF GEMINATION AND LITERATURE SURVEY 
L1_ 
CHAPTER ONE 
THE LINGUISTICS OF GEMINATION IN ARABIC 
1.1 Historical Background of Arabic Phonetic Studies 
The science of Arabic phonetics is as old as Arabic 
grammar, and Arabic phonetic studies started simultaneously 
with Koränic studies. The old Arab grammarians were the 
first among their people to realize the importance of 
investigating and studying the various co-existent sounds 
and sound features in their language. We find, for instance, 
al-Khalil, 
1 the celebrated grammarian, was the first to 
write a phonetically based dictionary in Arabic known as 
'al-Ain'. He innovated his own phonetic system on which he 
organized the Arabic consonants in accord with their place 
of articulation, beginning with consonants originated at 
the pharynx and ending with those produced at the lips. 
Sibawaihi (753-793) followed his teacher al-Khalil in studying 
the sounds of Arabic. He was the first to present a 
comprehensive and systematic grammatical study of the Arabic 
language. In his famous book known as 'al-Kitäb', he 
presented a sophisticated classificatory organization of 
1. "Khalil Ibn Abmad [Abu cAbdurrahmän Ul-Khalil Ibn Ahmad Ibn 
cAmr Ibn Tamim] (718-791), Arabian philologist, was a native 
of Oman. He was distinguished for having written the first 
Arabic dictionary and for having first classified Arabic 
metres and laid down their rules. He was also a poet, and 
lived the ascetic life of a poor student. His grammatical work 
was carried on by his pupil Sibawaihi. The dictionary known 
as the Kitäb-ul- cAin is ascribed, at least in its inception, 
to Khalil. It was probably finished by one of his pupils and 
was not known in Baghdad until 862. The words were not 
arranged in alphabetical order but according to physiological 
principles, beginning with cAin and ending with Ya. The work 
seems to have been in existence as late as the 14th century, but is now only known from extracts in manuscript. " (The Encyclopaedia Britannica, 11th ed., Vol. XV. Cambridge : CUP, 1911, U. 770.2nd columnl_ 
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the articulation of sounds and some invaluable observations 
as to their description, assimilation and gemination. 
Sibawaihi analyzed the Arabic sounds as meticulously as he 
analyzed the language and for each sound or a group of 
sounds he indicated a particular place of articulation and 
gave it a precise description1. It is evident, then, that 
both al-Khalil and Sibawaihi and their successors of the 
Arab grammarians classified and grouped the consonants in 
a way which tells us how far they recognized the contrasts 
emphasized by modern phonetics, such as between voiced and 
voiceless sounds, fricatives and plosives, etc. They 
realized that the formation of any sound essentially depends 
on either a close or an open approximation between two 
speech organs. Gairdner (1935) mentions this fact and 
points out that the Arab grammarians "notably anticipated 
modern phonetics in their classification of consonants as 
dental, palatal, velar, etc., and made the most exact 
observations as to the precise position of the tongue, 
palate, etc., associated with the production of the several 
sounds. " (Al-Ani, 1978, p. 187). 
However, one can claim that these phonetic studies 
were purely descriptive; they resembled, to a great extent, 
the phonetic studies initiated by some grammarians in Europe 
during the seventeenth century. In this respect Cantineau 
(1960a)2 states: 
1. For further details see Ghalib, 1977, p. 47. 
2. Also see Cantineau, 1960b, pp. 11-12. 
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"Les anciens grammairiens arabes ont ete les premiers 
phoneticiens de leur langue : on trouve chez Sibawaihi, 
par example, un classement correct des consonnes suivant leurs 
points d'articulation, des remarques importantes sur leurs 
modes d'articulation, une abondante etude de 1' assimilation 
consonantique, des notions exactes sur la duree vocaligue 
et les alterations du timbre des voyelles, des indications 
sur les particularites phonetiques des differents dialectes. 
Comme celle de nos grammairiens du XVile siecle, cette 
phonetique des grammairiens arabes est purement descriptive, 
et ignore l'evolution historique de la langue; eile se borne 
a declarer certaines prononciations correctes et d'autres 
vicieuses, sans aller au fond des choses. Elle n'en est 
pas moins fort precieuse, et bien des erreurs seraient 
evitees si l'on sly reportait plu souvent. " [p. 5]. 
It goes without saying that the Arab grammarians paid 
much attention to studying the segmental entities in their 
language, particularly consonants which were subjected to 
extensive investigation. On the other side, less, or even 
no, attention was given to investigating the suprasegmental 
features, such as stress and intonation, until quite recently. 
Their failure in discussing such linguistic phenomena was 
not because they were unaware of their existence but, to 
our own knowledge, it was probably due to the fact that they 
regarded the sound segments as the vital carriers of 
intelligibility in oral communication and that the supra- 
segmental features were of marginal significance. Linguistic 
phenomena such as assimilation 'mumaaOala', elision 'haöf`, 
- 4-. 
emphasis 'tafxiim' and gemination 'tatdiid' were amply 
studied as part of their grammar. At the same time, much 
ink was split in explaining the distinctions between voiced 
'mad3huura' and voiceless 'mahmuusa' sounds, and consonants 
were divided into two main groups in relation to these 
distinctions. The 'mad3huura' consonants were described as 
"voiced, lenis, pressed, non-breathed and sonorous"; while 
their 'mahmuusa` counterparts as "voiceless, fortis, non- 
pressed, breathed and muffled. " (Al-Ani, op. cit., p. 103). 
1 
Looking more narrowly at these descriptions one can 
note that the attention of the Arab grammarians was not mainly 
fixed upon the role of voice, but upon that of breath, while 
producing the Tmad3huura' sounds. As reviewed by Gairdner 
(op. cit. ), Howell (1883) closely followed the Arab grammar- 
ians to define the 'mad3huura' consonants-as "those letters2 
in which the current of breath is confined (munhabis, imprisoned) 
because, being strong in themselves and strong in the stress 
laid upon them in their outlet (maxrad3), they are uttered 
only with a strong, hard sound, and the breath is pevented 
from running on with them. "(Al-Ani, op. cit., p. 188). It 
is quite obvious that the word 'voice' is not mentioned in 
this definition and much stress is laid on the action of the 
'breath'. The 'mahmuusa' consonants were defined as "all 
unchangeably unvoiced sounds. " (Al-Ani, op. cit., p. 189). 
1. More information on the distinctions between these terms 
is available in the well-researched article by Blanc, 1967. 
2. The old Arab grammarians used to use the word "letter", 
i. e. 'harf', to mean consonant sound. 
-5- 
They were 'unvoiced' in terms that they were accompanied by 
more breath and lack of sonority. 
1.2 Syllable Structure and Stress Patterns in Arabic 
1.2.1 General Background 
Before examining the syllable structure and the stress 
patterns in I. C. Arabic, we find it, as many other scholars 
do, necessary to refer first to the syllable structure and 
the stress patterns in Classical Arabic, though we have to 
bear in mind that a general statement about the structure of 
the syllable and the position of stress in a given Arabic 
dialect "should be based on an examination of the facts of 
that dialect, not on an assumed rule for an earlier stage of 
the language. " (Ferguson, 1957, p475). It is, in our opinion, 
important that a synchronic study of any Arabic dialect should 
be mainly based on the available diachronic data of Classical 
Arabic, since the latter has always been considered as the 
standard norm to which all Arabic dialects refer, 
1 
and since 
these different dialects are but cognates of their parent, 
namely Classical Arabic. 
A common feature of Classical Arabic is that the 
isolate word may be pronounced in two forms; either with 
pausal or non-pausal forms. The pausal form, as regards the 
non-pausal form, involves principally the omission of the 
final inflectionals 'a' fig, ' 'un' '' 'in', u,, an and and 
the use of a common ending 'ah' to correspond variously to 
the non-pausal '-atun/-atan/-atin'. 2 For example: 
1. Cf. Hassan, 1981, p. 10. 
2. See Mitchell, 1975, p. 77, and p. 94 (fn. 8) for further 
information. 
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Pausal Form 
Hallam 
juCallim 
muEallim 
Non-Pausal Form 
Fallama 
juEallimu 
muCa1limun 
Meaning 
he taught 
he teaches 
a teacher (m. ) 
muEallimah muEallimatun a teacher (f. ) 
The structure of the syllable, or its pattern, is 
describable in terms of the phonemic segments that make it 
up. (Harrell, 1962; Beeston, 1970; Al-Ani, 1978). These 
segments occur in certain recurrent patterns particular to the 
phonological distribution system of a given language. (Al-Ani 
and May, 1973). The structure of the syllable in Arabic is, 
undoubtedly, based on the phonemic system of Arabic. It is 
a well-known fact that Arabic is an inflectional language. 
This is to say, the grammatical relations are expressed by 
means of inflection as well as word order. Most of the 'roots' 
in Arabic are triconsonantal, e. g. /f-ý-1/. They bear no 
lexical meaning without being integrated with 'infixes' which 
are usually composed of-one or more vowels, e. g. /-a-a-/, 
which, in turn, together with the root /f-E-l/ form the 'stem' 
/faEal/. The stem in Arabic is regarded as the essential 
linguistic unit that carries the lexical information. Changes 
of the vowel distribution within the stem normally leads to 
grammatical and semantic changes, e. g. /faEal/ 'he did', but 
/faatil/ 'a doer', /fiEil/ 'deed', etc. Other grammatical 
and semantic alterations can be brought about by the addition 
of certain prefixes and suffixes to the stem. The stem may 
have one or more prefixes and suffixes, e. g. /sajafEalu/ 'he 
will do', /faEaltu/ 'I did', /? afEaaluhum/ 'their deeds', 
/sajafEaluuna/ 'they will do', etc. 
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It is worth mentioning here that despite being a 
cognate of Classical Arabic, I. C. Arabic makes no distinction 
between pausal and non-pausal forms of words. In I. C. Arabic 
words are always pronounced with a distinct pausal form whether 
'they occur in isolation or within a phrasal context. Besides, 
the word structure in I. C. Arabic has undergone some modifica- 
ticns which affect the phonetic values of some consonants and 
vowels. These modifications may affect the stem as well as 
the prefixes and suffixes of a word. For example: 
Classical Arabic I. C. Arabic Meaning 
Pausal Non-Pausal 
kalb. kalbun tfalib a dog 
faqr faqrun fugur1 poverty 
sayiir sayiirun ziyiir small 
quit qultu gilit I said 
samiý samig a simaý he heard 
daras darasa diras he studied 
jaquul jaquulu jguul he says 
? aCmaak ? a&maaka ýimaak he made you blind 
In so far as stress is concerned, the old Arab 
grammarians did not adequately explain stress in Classical 
Arabic nor did they mention any phenomena which could be 
interpreted as stress despite their being meticulous in 
studying their language thoroughly. It seems to be that their 
1. Also heard as /fugur/ which may signify the adj. 'poor' 
as well as the n. 'poverty'. 
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failure to deal with stress was due to their feeling that 
stress was non-contrastive in Arabic, and that a change in 
the position of a word-stress would not bring about any 
change in its meaning. Therefore, they did not state any 
specific rules for stress patterns in the Arabic words. 
Ferguson (1956) comments on this point and says that 
"Classical Arabic had no word stress at all, either phono- 
logically significant or automatic as a function of the 
syllabic structure of the word; that a pattern of fixed 
stress developed in Eastern non-Arabian Arabic ... and spread 
to many other dialects; and finally that this pattern was 
applied to Classical Arabic so that the present systems of 
stress used in reading Classical Arabic are later and 
derivative, not original. " [pp. 384-385]. 
Nevertheless, the present stress rules in Classical 
Arabic have been largely based on how words in the holy 
Koran are recited. These rules, which are very often 
formulated in grammar books, do not take account of the fact 
that Classical Arabic is spoken differently in different 
regions of the Arab world, and they also appear to "take no 
cognizance of regional differences of pronunciation and, 
what is worse, to bear little or no resemblance to the facts 
in any one region. " (Mitchell, op. cit., p. 76). 
Some recent studies (e. g. Birkeland, 1954; Ferguson, 
1957; Harrell, 1957; Nasr, 1960) have greatly exaggerated 
the importance of the role played by word-stress in current 
Arabic dialects. These studies assume that some modern 
Arabic dialects have tendencies towards a new system in which 
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stress has phonemic significance "which may be due to 
secondary developments within the respective dialects. " 
(Birkeland, op. cit., p. 8). They consider stress as the 
prime dynamic factor in all changes that take place in the 
syllable structures. It is believed that word-stress in 
most current Arabic dialects which have been investigated 
is of minor importance and there is even no decisive evidence 
as to its significant location in individual words. (Ghalib, 
op. cit., p. 52). According to Contineau (1960b), what we 
really feel is the presence of a sentence-stress rather than 
a word-stress. In discussing stress in modern Arabic 
dialects, he states "En realite, dans la plupart des dialectes 
arabes, l'accent de mot est faible, et il nest nullement 
prouve que sa place dans le mot soit stable. On a plutot 
l'impression d'un accent de phrase que d'un accent de mot. " 
Ep. 1201. Ferguson (1956) adds that "Every consideration of 
Arabic word-stress which does not take phrasal stress patterns 
into account is bound to be incomplete and misleading. " 
[p. 387]. 
However, the study of syllable structures and stress 
patterns of Arabic, as, stated in the following sections, 
should, by no means, be considered as a comprehensive one. 
The main objective behind this attempt is to show, whenever 
examples are possible, the significance of the role played 
by geminate consonants within the structure of the syllable 
and the effect geminates may have on the location of stress 
in an Arabic word, whether Classical or dialectal. 
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1.2.2 Syllable Structure and Stress Patterns in Classical 
Arabic 
1.2.2.1 Syllable Structure in Classical Arabic 
In general, two types of syllable have been distinguished 
in Classical Arabic. This distinction mainly depends on the 
final segmental elements that characterize each syllable. 
Those syllables terminating either with a short vowel element 
(V), or with a long vowel element (VV) are called open 
syllables, and those syllables terminating with one consonant 
element (C), or perhaps two (CC), are called closed syllables. 
l 
For instance, the verb /faCala/ 'he did' comprises three 
open syllables occurring successively, i. e. /fa + Ea + la/; 
whereas the noun /figlun/ 'deed' is made up of only two 
closed ones, i. e. /fiE +lun/. Classical Arabic has a 
tendency towards having more words of closed syllables than 
words of open syllables. (Anis, 1971). 
Phonologically speaking, a syllable in Classical 
Arabic is characterized by the fact that it never begins with 
a vowel, and that the vowel may be preceded by one, and only 
one, consonant2 and followed by one or two consonants, 
whether they are identical or non-identical. The vowel is 
regarded as the dominant element that determines the number 
of syllables. Consequently, by counting the number of vowels 
one can easily and automatically derive the number of 
syllables in a Classical Arabic word. 
1. Consonant clusters comprising identical or non-identical 
consonants are also represented by (CC). 
2. Word-initial geminates are considered special cases. 
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In accordance with their length, syllables in 
Classical Arabic may be divided into three categories: 
1. The first category includes short syllables consist- 
ing of (CV) elements, e. g. 
/bi/ 'by, with' 
/li/ 'to, for' 
/wa/ 'and' 
2. The second category includes medium syllables 
consisting of either (CVV) or (CVC) elements, e. g. 
/fii/ 'in' 
/maa/ 'what' 
/Ean/ 'about' 
/min/ 'from' 
3. The third category includes long syllables consist- 
ing of either (CVVC) or (CVCC) or (CVVCC) elements. 
The final (-CC) elements may either represent 
identical or non-identical consonants, e. g. 
/Eiid/ 'festival' 
/baaz/ 'falcon' 
/darb/ 'path, road' 
/farq/ 'east' 
/sadd/ 'dam' 
/haadd/ 'sharp, acute'. 
Syllables in the first and second categories are the 
most frequently used in Classical Arabic. They may occur 
word-initially, word-medially and word-finally. Those in 
the third category are less frequent and they usually occur 
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at the end of words spoken with pausal endings. The word 
in Classical Arabic may contain any of the above syllable 
patterns. For instance, the word /juqiimuun/ 'they reside' 
consists of the three different syllable categories; the 
first syllable /ju-/ is of the first category, the second 
/-qii-/ of the second category, and the third /-muun/ of 
the third category. 
Modern Arab scholars (e. g. Hassaan, 1955; Bishr, 
1970; Anis, 1971) suggest that the word in Classical Arabic, 
whatever suffixes or prefixes it may have, does not comprise 
more than seven syllables. It is true that the vast majority 
of the Arabic words do not consist of more than four syllables, 
but there exist in Classical Arabic words that comprise even 
more than seven syllables. They may, in fact, contain as 
many as ten syllables. This can be attested by examining 
the syllable sequences in Classical Arabic words. Therefore, 
in Classical Arabic we may have words of: 
1. one syllable as in /d3ahl/ 'ignorance' 
2. two syllables as in /d3aahil/ 'ignorant' 
3. three syllables as in /jad3haluun/ 'they are not aware' 
4. four syllables as in /jatad3aahal/ 'he disregards' 
5. five syllables as in /jatad3aahaluun/ 'they disregard' 
6. six syllables as in /sajatad3aahaluun/ 'they will disregard' 
7. seven syllables as in /jatad3aahaluunahun / 'they disregard them' 
8. eight syllables as in /sajatad3aahaluunahiti/ they will disregard 
them' 
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9. nine syllables as in /sajatad3aahaluunahumaa/ 'they will 
disregard 
them'1 
10. ten syllables as in /fasajatad3aahaluunahumaa/ 'they will 
disregard 
them' 1 
Monosyllabic words may take the form of any of the 
three syllable categories mentioned earlier. They may either 
be short, medium or long. The majority of short - and 
medium - syllable words are functional, i. e. grammatical, 
as in the two prepositions /fii/ 'in' and /min/ 'from', and 
the conjunction /wa/ 'and'. On the other hand, monosyllabic 
lexical words very often come in the form of long syllables, 
as in /huzn/ 'grief', /badr/ 'full moon', and /baab/ 'door'. 
Words which fall under this category are usually character- 
ized by being spoken with their pausal forms, i. e. with the 
absence of inflexional suffixes. Words of more than two 
syllables are generally formed by the addition of prefixes 
and/or suffixes, as in /sajafEalu/ 'he will do', /sajafEaluuna/ 
'they will do', etc. 
1.2.2.2 Stress Patterns in Classical Arabic 
Generally speaking, there are two subclasses within 
word-stress in Classical Arabic. The first subclass is 
Primary stress which is always associated with a pitch change 
when the word is said in isolation. The second subclass is 
Secondary stress which is achieved, to a large extent, by 
stress alone - not normally associated with a change of pitch 
1. The object . 
'them' indicates duality in this context. 
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direction. ' 
Following previous works initiated by other scholars 
(e. g. Birkeland, 1954; Mitchell, 1975) the following rules 
can be set up to specify the location of the primary stress 
of the most prominent syllable of the isolate word in 
Classical Arabic: 
1. Words of one syllable usually take a primary stress, e. g. 
/' riUt/ 'wind' 
/'huut/ 'whale' 
/'xawf/ 'fear' 
/'layl/ 'night' 
I'saamm/ 'poisonous' 
2. Words with ultimate long syllables take oxytonic 
primary stress, e. g. 
/fa'diid/ 'strong, stern' 
/sik'kiir/ 'drunkard' 
/sid3'd3aad/ 'carpets' 
/mas'ruur/ 'delighted' 
/sa'miEt/ 'I heard' 
3. Words with penultimate medium syllables take paroxy- 
tonic primary stress, e. g. 
/'saahir/ 'wizard' 
/'muuhif/ 'lonely, deserted' 
/'wad3hak/ 'your face' 
/'kallam/ 'he talked to' 
/'faxxas/ 'he identified' 
1. Cf. Gimson, 1970, p. 224. 
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4. Words whose last two syllables have the structures 
of either (CV + CVC) or (CV + CVV) take proparoxy- 
tonic stress, e. g. 
/'saaýadak/ 
/'qaddamak/ 
/tu'Eallimak/ 
/'f aahaduu/ 
/'darrasuu/ 
'he helped you' 
'he introduced you' 
'she teaches you' 
'they saw'1 
'they taught'2 
On the other hand, word secondary stress is usually 
found in words comprising more than two syllables. This 
type of word-stress is quite often used in a very deliberate 
style of speaking and normally it precedes the primary 
stress, e. g. 
AsaaEad'naaka/ 'we helped you' 
/, jastafii'duun/ 'they benefit' 
/ mus1taf fa' j agt/ 'hospitals' 
/jata, haad3a'd3uun/ 'they argue' 
/tata, gaaEaduun/ 'you retire' 
Finally, it is of interest to mention here that in 
Classical Arabic no word-stress can take place on whatever 
syllable before the pre-antepenultimate. 
1.2.3 Syllable Structure and Stress Patterns in I. C. Arabic 
The following analysis of the various syllable 
structures and stress patterns existing in I. C. Arabic is 
1. As compared with /faaha'duuh/ 'they saw him'. 
2. As compared with /darra'suuh/ 'they taught him'. 
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primarily based on my own intuitive knowledge as a native 
speaker of this dialect and on everyday conversations I 
usually have with the members of my family and with my 
friends who are reading for postgraduate degrees at Leeds 
University. Some of the rules referred to in this study 
are extracted from previous studies that dealt with. Iraqi 
Arabic (e. g. Erwin, 1963,1969; Woodhead and Beene, 1967; 
Ingham, 1975; Ghalib, 1977). 
1.2.3.1 Syllable Structure in I. C. Arabic 
Previously (section 1.2.1), it has been mentioned 
that Classical Arabic is considered as the parent of all 
modern Arabic dialects. This signifies that phonological, 
morphological and syntactical features are shared between 
these dialects and their parent. 
It is a fact that I. C. Arabic has suffered some 
linguistic modifications, especially in its phonological 
and morphological systems, under the influence of some foreign 
languages used in the neighbouring countries. However,, 
these modifications do not significantly violate the basic 
linguistic principles that are still operative both in I. C. 
Arabic and Classical Arabic, but they, undoubtedly, give the 
former its specific linguistic flavour and make it outstand- 
ingly different from other current Arabic dialects. 
In so far as the syllable structure is concerned, 
and its similarity to that of Classical Arabic, one can say 
that there are as many syllables in I. C. Arabic words as there 
are vowels, whether these vowels are long or short. Thus, 
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there is one syllable in /faaf/ 'he saw',, two in //aafni/ 
'he saw me', three in /fawwafni/ 'he showed me', four in 
/fawwafhiyyaa/ 'he showed it to him', and five in 
Ifawwafithiyyaa/ 'I showed it to him', etc-. It is charac- 
teristic that the first syllable of a word in I. C. Arabic 
may either begin with one or two consonants. Syllables other 
than the first always begin with only one consonant. 
Accordingly, whenever there are two consonants in the middle 
of a word, whether the two consonants are identical or non- 
identical, the point of syllable division is always between 
the two. (Erwin, 1969, p. 28). 
The distinction between open syllables and closed 
syllables, cited in section 1.2.2.1, also applies to the 
structure of the syllable in I. C. Arabic. A syllable is 
rendered 'open' when it ends with a short or long vowel, and 
'closed' when it ends with one or two consonants. In terms 
of their length, short, medium and long syllables are also 
distinguished in I. C. Arabic. Unlike Classical Arabic, the 
consonant element that initiates a syllable in word-initial 
position may either be one consonant (C) or two consonants 
(CC). The latter may either by a consonant cluster or a geminate 
consonant. The following are the most possible types of 
syllables in I. C. Arabic. In words of more than one syllable, 
the required syllable is underlined. 
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structure 
1. cv 
2. CCV 
3. CVV 
4. CCVV 
5. CVC 
6. CVCC 
7. cwc 
8. cwcc 
9. ccvvc 
10. ccvcc 
example 
/bahar/ 
/Sbaha/1 
/daaf1/ 
/zbaala/ 
/bbaabak/ 
/fa11all 
/qird/2 
/mihtarr/ 
/baabkum/ 
/haarr/ 
/hsaan/ 
/sfand3/ 
/sfarr/ 
meaning description 
sea short, open 
he slaughtered it medium, open 
warm medium, open 
rubbish long, open 
in your door 
he demolished 
monkey 
feeling hot 
your door 
hot 
horse 
sponge 
he became pale 
medium, closed 
long, closed 
long, closed 
long, closed 
long, closed 
long, closed 
In respect to frequency of their shapes, the first 
seven categories occur more frequently than the last three; 
the four open categories being the most frequent of all, 
and the closed ones being the least frequent. Syllables of 
the last category, namely (CCVCC), are rare. They are only 
found in very few words most of which are of non-Arabic 
origins. The (CC) elements that begin and/or end some 
syllable categories may represent identical or non-identical 
consonants. When they terminate a syllable, that syllable 
must occur word-finally. 
As for their syllabic distribution, syllables in 
category 1 (CV), 3 (CW), 5 (CVC) and 7 (CWC) operate freely 
1. May also be heard as /dibaha/.. 
2. May also be heard as /qirid/. 
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in I. C. Arabic, i. e. they occur without restrictions, 
initially, medially and finally in a word. Those in category 
6 (CVCC) and 8 (CVVCC) may either occur in word-final position 
or they stand alone in monosyllabic words. On the other 
hand, syllables in category 2 (CCV), 4 (CCVV), 9 (CCVVC) and 
10 (CCVCC) always exist in word-initial position. 
It is a characteristic of I. C. Arabic speakers to omit 
short vowels occurring in the first unstressed syllables of 
bisyllabic words having the structure (CV + CVVC). Words 
such as /smiin/ 'fat', /hbaal/ 'ropes' and /fnuun/ 'arts' 
are very commonly used for the Classical Arabic words /sa'miin/, 
/hi'baal/ and /fu'nuun/, respectively. Conversely, they 
tend to insert a short vowel between (CC) elements occurring 
finally in monosyllabic words having (CVCC) structures 
provided that the two elements are non-identical. Thus, a 
monosyllabic word in Classical Arabic having the structure 
(CVCC) becomes a bisyllabic word in I. C. Arabic of (CV + CVC) 
structure. For example, the Classical Arabic words /lams/ 
'sun', /farq/ 'difference' and /darb/ 'path' are very 
frequently heard in I. C. Arabic as /'! amis/, /'faruq/1 and 
/'darub/, respectively. 
There is also a tendency among I. C. Arabic speakers 
to lessen the number of syllables in 
three or more syllables in Classical 
lessening in the number of syllables 
ing the vowel of the second syllable 
changes may also occur, such as Chan, 
1. May also be heard as /'fariq/. 
words consisting of 
Arabic. Very often this 
is accomplished by eliminat, 
of the word. Other 
ging the vowel quality 
-20- 
of the first syllable and/or the last syllable. For example, 
the I. C. Arabic words /'simEat/ 'she heard', /'simýaw/ 'they 
heard' and /'simCuu/ 'you hear (imp. )' are used for 
/'samiEat/, /'samiCuu/ and /''ismaEuu/ in Classical Arabic, 
respectively. 
1.2.3.2 Stress Patterns in I. C. Arabic 
Generally speaking, two types of stress pattern are 
distinguished in I. C. Arabic. The first type is determined 
by the syllabic structure of the word and the other by 
certain grammatical conditions. For simplicity of presentaý 
tion, the first type will be referred to as type (1) and the 
other as type (2) . 
1.2.3.2.1 The Stress Pattern of Words in Type (1) 
The stress pattern of this type is characterized 
by the presence of one primary stress as well as an optional 
secondary one in longer polysyllabic words. The presence 
of the secondary stress is a feature that characterizes a 
more careful speech style; while in a more rapid speech only 
the primary stress is clearly perceived. The location of the 
primary stress in this type is essentially dependent on the 
structure of the syllables in final and prefinal positions. 
The following rules are constructed: 
1. Words of one syllable, no matter whether this syllable 
is short, medium or long, open or closed, usually take 
a primary stress, e. g. 
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/'min/ 'from' 
/'seef/ 'summer' 
/'6uub/ 'dress, shirt' 
/'saff/ 'class, line' 
/'ftamm/ 'smell (v. )' or 'he smelt' 
2. Words having the structure (CVVC) as their final 
syllables, take oxytonic stress, e. g. 
/sa'diiq/ 
/satf'tliin/1 
/tfad'öaab/ 
/mat'buux/ 
/d3waa'riib/ 
' friend' 
'knife' 
'liar' 
'cooked' 
'socks, stockings' 
The exception to this rule are those words in which 
the last two syllables have the structures (CVC + CVVC) or 
(CVVC + CVVC) of which the second syllable is always /-teen/, 
indicating duality in Arabic, very often take a paroxytonic 
stress, e. g. 
/'santeen/ 'two years' 
/'suurteen/ 'two pictures' 
/tif'faahteen/ 'two apples' 
/$aa'buunteen/ 'two soaps' 
3. Words having the structure (CVVC) as their final 
syllable, also take oxytonic stress provided that 
the (CC) elements should constitute a geminate 
consonant, e. g. 
1. Also heard as /sitf'tfiin/. 
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/mit'raf1/ 'he has become deaf' 
/mix'rass/ 'he has become dumb' 
/mi. ýi'laCC/ 'he has become bald' 
/mix'darr/ 'it has become greenish' 
/mis'farr/ 'it has become yellowish' 
4. Bisyllabic words having the structures (CV + CV) or 
(CV + CVC) take a paroxytonic stress, e. g. 
/'finu/ 'what' 
/'hilu/ 'sweet, beautiful' 
/'tf is ib/ 'lies' 
/'Ealam/ 'flag' 
/'luyul/ 'work' 
5. Bisyllabic words having the structure (CV) or (CVC) 
as their final syllables and the structure (CVV) or 
(CVC) as their prefinal syllables, usually take a 
paroxytonic stress, e. g. 
/'haaf1/ 'bare-footed' 
/'xaayif/ 'scared, frightened' 
/'d31ddi/ 'serious' 
/'maEmal/. 'factory' 
/'bilbil/ 'bird' 
6. Trisyllabic words having the structure (CV + CV) or 
(CV +CVC) as their last two syllables, very often 
take a paroxytonic stress. In such words there is 
frequently a non-contrastive free variation between 
paroxytonic and pro-paroxytonic stress, e. g. 
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/si'? ala/ 
or 'he asked him' 
/'si? ala/ 
/f i' f axa/ 
or 'he wounded his head' 
I'fifaxa/ 
/f i'taha/ 
or 'he opened it' 
/'fitaha/ 
/jif'tihim/ 
or 'he understands' or 'he is clever' 
/'jiftihim/ 
/saa'farit/ 
or 'I travelled' 
/'saafarit/ 
/naE'ýasit/ 
or 'I felt sleepy' 
/'naCCasit/ 
7. Polysyllabic words comprising not less than three 
syllables may take a secondary stress in addition to 
the primary one. The secondary stress often precedes 
the primary stress and is normally recognizable in a 
more careful speech style. Such words are usually 
of particular grammatical structures, e. g. 
/1at, teetilhij'jaa/ 
/sam, maýtilhij`jaa/ 
/d31, bitlakij 'j aaha/ 
/faw, waftakij'jaahum/ 
/d31, maýitlakij'jaahum/ 
II 
tI 
'I 
'I 
'I 
put it for him' 
let him hear it' 
brought it for you' 
showed them to you' 
collected them for you' 
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1.2.3.2.2 The Stress Pattern of Words in Type (2) 
Unlike the words in type (1), the words falling 
under this type are characterized by having their primary 
stress on syllables nearest to the beginning of the word. 
They are also characterized by the presence of certain 
grammatical particles, such as the interrogative particle 
/I-/1 'what' and the three particles of negation /laa/, 
/maa/ and /muu/ 'not, no'2 which are mainly used with verbs 
to denote negative commands or exhortations. With 
demonstrative pronouns, /laa/ and /muu/ are used to expound 
negative statements. (Ghalib, op. cit., pp. 70-71). 
e. g. 
/'simaE/ 'he heard' 
/'fsimaE/ 'what did he hear? ' 
/'hitfat/ 'she talked' 
/'fhitfat/ 'what did she talk? ' 
/jaak'luun/ 'they eat' 
/'fjaakluun/ 'what do they eat? ' 
/'taaxuS/ 'you take' 
/'laa taaxuS/ 'do not take' 
/'maa taaxuS/ 'you should not take' 
/'muu taaxuS/ 'I advise not to take' 
/'haadi/ 'this' 
/'laa haadi/ 'not thist (I advise you not 
to take one) 
/'muu haaöi/ 'not this' (This is not the 
one I am thinking of) 
1. The complete form of /f-/ is /finu/. The latter is less 
commonly used. 
2. By some speakers /laa/ and /maa/ are u ed with shorter 
vowel length, viz. /la/ and /ma/, respectively. 
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In addition to the above facts, the following rules 
are constructed: 
1. When a noun is preceded by the preposition /bi/ 
'in', it may either retain the primary stress in 
its normal position or the stress may be placed 
on the preposition. The variation of stress position 
in these words is non-contrastive, e. g. 
/bis'suug/ 
or 'in the market' 
/'bissuug/ 
/bittaa'riix/ 
or 'in history' 
/'bittaariix/ 
/bissaj'jaara/ 
or 'by car' or 'in the car' 
/'bissajjaara/ 
/bil`basra/ 
or 'in Basrah' 
/'bilbasra/ 
2. When a verb or a demonstrative pronoun is preceded 
by the interrogative-particle /'! inu/ 'what', the 
verb or the pronoun as well as the particle will 
take primary stress, e. g. 
/'jiktib/ 
/'Iinu'jiktib/ 
'he writes' 
'what does he write? ' 
/'gaalat/ 
/'finu'gaalat/ 
/'Siitfa/ 
/'Iinu'Siit! a/ 
'she said' 
'what did she say? ' 
'that' (f. ) 
'what is that? ' 
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/6aa'kuul/ 'those I 
/'tinu öaa'kuul/ 'what are those? ' 
3. When the particle /da/, which denotes continuity 
of verb tense, precedes a verb, the primary stress 
normally retains its normal position, e. g. 
/'jiqra/ 
/da'jigra/ 
'he reads' 
'he is reading' 
/'taakul/ 
/da'taakul/ 
/, j ilFa'buun/ 
/da, j i1Ea' buun/ 
'she eats' 
'she is eating' 
'they playt 
'they are playing' 
4. Like words in type (1), polysyllabic words of no 
less than three syllables may as well take a 
secondary stress in words of type (2). The 
secondary stress very often follows the primary 
stress and is usually heard in careful speech style, 
e. g. 
/! i'kaalak/ 
/'maa fi, kaalak/ 
'he complained to you' 
'he did not complain to you' 
/tin'tiihum/ 
/'laa tin, tiihum/ 
/baa'goona/ 
/'maa baa, goona/ 
/tikti'binna/ 
/' laa tikti, binna/ 
'you give them' 
'do not give them' 
'they robbed us' 
'they did not rob us' 
'you write to us' 
'do not write to us'. 
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1.3 The Linguistic Significance of Consonant Gemination 
in Arabic 
Arabic consonants, like vowels, can be lengthened. 
This lengthening is usually referred to by the term 'gemina- 
tion', i. e. doubling the consonant without an intervening 
vowel. Any Arabic consonant may occur geminate, especially 
in word-medial position, and in Arabic writing when it is 
particularly desired to indicate that a consonant is 
geminated, it is written only once and a relatively small 
sign like 'w', called 'Iadda' or 'tafdiid', 
1 is placed over 
the consonant. However, this sign is not always inserted in 
Arabic texts despite its occasional vital importance for 
identifying a pattern. 
Geminate consonants in Arabic were, and still are, 
generally orthographically represented with one letter only. 
It was al-Khalil who was credited with the introduction of 
this sign which was merely an unlooped f-sound derived from 
the word 'tafdiid' itself. The introduction of the new sign 
was of prime importance so as to avoid confusion with 
corresponding words having single consonants since the 
difference between single and geminate consonants in Arabic 
is distinctive. Compare: 
/'kasara/ 'he broke' /'kassara/ 'he smashed' 
/' kataba/ 'he wrote' /' kattaba/ 'he made to write' 
/' hamala/ 'he carried' /' hammala/ 'he loaded' 
1. Both words are nouns and they signify 'reinforcement' or 
'strengthening' . 
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The retaining of this sign in Arabic writing indicates that 
this device was preferred to doubling the letter since 
writing "would have been offensive to Arabic writers in so 
far as it involves a basic alteration in the received spelling 
and orthography. " (1-Saaran, 1951, p. 158). This means that 
this sign for gemination was intentionally devised to be 
significant in the sense that it is an abbreviation of the 
name of the phonetic feature characteristic of the consonant 
letter receiving the sign. The abbreviation may suggest that 
the consonant receiving the sign should be pronounced geminated. 
One of the most crucial questions which has been 
put under extensive discussion for a long time is whether 
geminate consonants are-to be treated as one long or two short 
segments) According to Arabic grammar, the term geminate 
is applied to those consonants having long duration and 
determined by certain phonetic contexts, or to consonant 
letters receiving the sign representing such a long duration. 
El-Saaran (ibid., p. 162) states that the old Arab grammarians 
regarded every geminate consonant sound as being equivalent 
to two sounds in measure and in pronunciation; the first 
being 'still' (or at rest) 'saakin', and the second 'moving' 
(or in motion) 'mutaharrik'. 
2 He adds that, from the phonetic 
point of view, it is preferable to interpret a geminate 
consonant in Arabic as being double, i. e. "repetition of 
1. This question will be discussed in full in languages other 
than Arabic in the following Chapter. 
2. Both Wright (1962) and El-Saaran (1962) use the word 'quiescent' in parallel with 'movent' to mean 'still' and 'moving', respectively. Wright states that "A letter which has no following vowel is called 'a quiescent letter', as 
opposed to 'a movent letter'. " [p. 13] 
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sounds", and not long, i. e. having "true or indivisible 
length". He seems to follow Daniel Jones's interpretation 
in that intervocalic geminates should be considered as double 
and not single "on the ground that it is usually possible 
in precise speech to separate them into two by a diminution 
of force in the middle, attaching the first part to the 
first syllable and the second part to the second syllable.! ' 
(Jones, 1967, p. 116)1. His conclusion is based on the fact 
that in the syllabic division of Arabic, any intervocalic 
geminate consonant should be separated into two parts: part 
one is related to the first syllable and part two to the 
second syllable. 
Cantineau (1960a) considers consonant gemination 
in Arabic to be equivalent to two identical single consonants, 
one occurring immediately after the other. For him a 
geminate consonant is only found in a context where a cluster 
of two non-identical consonants would be allowed, i. e. 
between vowels. He states: 
... la geminee 
equivaut ä deux consonnes simples 
identiques se suivant immediatement: ce qui le 
prouve c'est qu'une geminee n'appara£t que daps la 
position oü un groupe de deux consonnes serait admis, 
autrement dit entre voyelles;... " (p. 189) 
1. Jones (1967) states that ... "In practice it is convenient to regard all intervocalic long consonants as double, on the 
ground that it is usually possible in precise speech to 
separate them into two by a diminution of force in the middle, 
attaching the first part to the first syllable and the second 
part to the second syllable. That long consonants are 
divisible in this way is obvious in the case of compound words 
and words formed with prefixes or suffixes, as in the following 
examples. English 'bukkeis (book-case), 'pennaif (pen-knife),... 
So also in Arabic where cognate words often have a vowel between 
the two consonants, e. g. dikka: n (shop), the plural of which 
is daka: ki: n (shops), or the Syrian mille (religion) which has 
plural milal. " Cpp. 116-117] 
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He also adds: 
"I1 n'y a pas ici de correlation de gemination des 
consonnes, les ge"minees n'apparaissant que lä oü 
seraient admis des groupes de deux consonnes et une 
limite de mot ou de morpheme pouvant passer entre 
les deux elements de la geminee. " (p. 214) 
Nevertheless, if we accept the definition of a 
geminate consonant as expressed by the old Arab grammarians 
and in terms of its syllabic structure; that it is a 'still' 
followed by a 'moving' sound, viz. having a (CCV) syllabic 
pattern, then a geminate in word-initial position is an 
impossible pattern in Arabic. A geminate in Arabic can then 
only occur either word-medially or word-finally. The (V) 
element of the geminate (CCV) can be any of the three short 
vowels Eil, [a], or [u], as in /hajjinun/ 'easy, manageable', 
/sallama/ 'he greeted', and /tahassubun/ 'expectation', 
respectively. It can also be any of the long vowels [ii], 
Caa], or [uu], as in /siddiiqun/ 'honest', /rukkaabun/ 
'passengers' and /mutahaabbuuna/ 'loving each other', respect- 
ively. Similarly, a geminate consonant can either be preceded 
by any of the three short vowels, as in /sittun/ 'six', 
/saddun/ 'a dam', and /hurrun/ 'free, released', or by some 
of their long counterparts, as in /qaassun/ 'story-writer'. 
In word-final position, gemination is only possible when the 
word takes a pausal form where the geminate (CCV) pattern is 
reduced to (CC). For example: 
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non-pausal pausal meaning 
/birrun/ /birr/ kindness 
/sammun' /samm/ poison 
/hubbun/ /hubb/ love 
However, geminate consonants occurring word-finally 
are non-distinctive in Arabic because contrasts between single 
and geminate consonants in this position are non-significant. 
An Arab, for instance, does not distinguish between /datum/ 
and /dam/. For him they both stand for one and the same word, 
namely 'blood', and while the first pronunciation seems to 
him rather exaggerated and deliberate, the second is quite 
normal and more acceptable. Pronunciation of a final geminate 
consonant requires a conscious effort to make it perceptible, 
as was recognized by the Arab grammarians. Cowell (1964) 
states that "In word-final position, any geminate consonant 
may occur after an accented vowel. At the end of a phrase, 
however, geminate consonants do not actually contrast with 
single ones; pronouncing, or even writing, them geminate 
simply serves to show the position of the accent and their 
potential significant length before vowels. " [pp. 23-24]. 
Johnstone (1967) agrees with Cowell's statement and contends 
that a final geminate in Arabic is characterized by tenseness 
of articulation as compared with a non-geminate. 
One of the most interesting features of consonant 
gemination in Arabic is the way a geminate behaves in 
derivative situations. Arabic derivations often have, a vowel 
inserted between the components of a geminate consonant. This 
situation can be clearly observed when forming plurals, and 
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while in the singular form the geminate is retained, in the 
plural form it is separated by inserting a vowel, very often 
[a], between its components. For example: 
singular 
/muddatun/ 
/Euddatun/ 
/sikkiinun/ 
'period' 
'equipment' 
'knife' 
plural 
/mudadun/ 
/Eudadun/ 
/sakakiinu/ 
'periods' 
'equipments' 
'knives' 
In other instances the reverse situation may take place. This 
is to say, the plural form takes the geminate consonant and 
the singular form keeps its single counterpart. Besides, 
other alterations in the preceding and/or following vowels 
and the location of stress may be noticed between the word in 
its singular form and that in its plural form, as is evident 
in these examples: 
singular plural 
/'taalibun/ 'student' /tul'laabun/ 'students' 
/'kaatibun/ 'writer' /kut'taabun/ 'writers' 
/'haarisun/ 'guard' /hur'raasun/ 'guards' 
Furthermore, in some instances the geminate consonant is 
found both in the singular form as well as the plural form. 
For example: 
singular 
/musawwirun/ 
/musammimun/ 
/mahattatun/ 
/muEallimatun/ 
'photographer' 
'designer' 
'station' 
'teacher' 
plural 
/musawwiruuna/ 
/musammimuuna/ 
/mahattaatun/ 
/muEallimaatun/ 
' 
Ip-7OtOgrcaphers' 
'designers' 
'stations' 
'teachers' (f. ) 
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1.4 Consonant Gemination as a Result of Assimilation 
1.4.1 In Classical Arabic 
The phenomenon of assimilation has been among the 
most intensively studied features in the phonetics of Arabic 
by the old Arab grammarians. Their main interest behind 
studying this phonetic phenomenon, as well as many others, was 
because of the extreme care one should pay in the production 
of Arabic sounds while accurately reciting verses from the 
holy Koran, keeping in mind that the holy Koran is not only 
recited by native Arabic muslim speakers but also by millions 
of muslims for whom Arabic is a foreign language. Therefore, 
the way Arabic spoken by Arabic expert reciters of the holy 
Koran was, and it still is, regarded as the most accurate 
oral picture of Classical Arabic; the non-regionally biased 
style of spoken Arabic. 
In certain phonetic contexts, gemination has been 
considered as a natural consequence of the phenomenon of 
assimilation. And whenever the expert reciters of the holy 
Korn feel it is inconvenient to assimilate one particular 
sound to another, which either precedes or follows it, they 
deliberately lengthen it and make it outstandingly perceivable 
so as to avoid its assimilation into the other. (Anis, 1971, 
p. 157). However, when they feel that one consonant is 
preferably assimilated to another consonant, the assimilation 
is phonetically, or even graphically, executed by the elision 
of the pausal sign, called 'sukuun', from the assimilated 
consonant. This very often applies to the 1-sound of the 
only definite article in Arabic /? al/, usually when the latter 
-34- 
precedes one of the solar consonants which are, almost all, 
originated at the alveo-dental zone. 
1 
The Arabic definite article is normally prefixed to 
every noun that it limits without affecting its accentuation. 
For instance, when it limits a noun beginning with a solar 
consonant, the 1-sound of the article is assimilated to the 
subsequent consonant which is in turn geminated in pronuncia- 
tion. This can be illustrated in the following examples: 
2 
without definite article with definite article 
word meaning word meaning 
CtJ tamr dates 'attanr or ttanr the dates 
Ed] darb path, road ? addarb or ddaz3ý 
It] t ay r bird ? attayr or ttayr 
Id l dayf guest ? ad layf or ddayf 
161 A awr bull 'aeeawr or 96awr 
Is] ö anb fault 
[*1 sayf sword 
the path, the road 
the bird 
the guest 
the bull 
? aS6anb or SSanb the fault 
? assayf or ssayf 
[z] sayf summer 
Cz7 zawd3 pair, spouse 
'assayf or ssayf 
the sword 
the st m ter 
'azzawda or zzawd3 the pair, the spouse 
Cölöu lm tyranny 'Huhn or Mulm the tyrrany 
1. The Arabic consonants are, on phonetic grounds, divided into 
solar (or sun) consonants and lunar (or moon) consonants. The 
terminology is, in fact, based on the fact that the Arabic 
word for sun /tams/ begins with a solar consonant and that for 
moon /qamar/ begins with a lunar consonant. The solar conson- 
ants are: [t, d, t, d, 6,6, s, §;, z, d, f, n, 1, r]. Zhese consonants might 
form what is described in terms of modern phonological theory 
as 'a natural class', i. e. a group of homorganic consonants. 
Using the phonetic features suggested by Chomsky and Halle 
(1968), they can be defined as + consonantal, + coronal and 
+ anterior. Consonants which are not included within this 
general definition are then the lunar ones. They are also 
fourteen in number. However, in Arabic writing, it should 
be noted that the definite article has to be written whether it precedes a solar or a lunar consonant. 
2. All examples are monosyllabic words pronounced with their 
pausal forms. 
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CI] Iarq east ? affarq or Itarq the east 
[n1 nuur light 'annuur or nnuur the light 
C1] lawn colour 'allawn or 11awn the colour 
[r] mink spear ? arn rh or rrumh the spear 
On the other hand, when followed by a lunar consonant, 
the 1-sound of the definite article should not be assimilated 
into that consonant. Both the 1-sound of the article and the 
subsequent lunar consonant must be pronounced in full. For 
example: 
1 
Without definite article with definite article 
word meaning word meaning 
[b] bahr sea 'albahr the sea 
[k] kalb dog ? a]kalb the dog 
[q] qayd chain ? alqayd the chain 
[d3] d3isr bridge ? ald3isr the bridge 
[? ] ? anf nose ? al? anf the nose 
[f] fa? as axe ? alfa? s the axe 
[x] xa; af fear ?a lxawf the fear 
[Y] Yarb west ? a1Yath the west 
[] ýabd slave ? alEabd the slave 
[h] halm dream ? alhilm the dream 
[h] hens whisper ? alham the whisper 
[m] mawt death ? almawt the death 
[w] wagt time ? a1wagt the time 
[j] j aum day ? aljawm the day 
In point of fact, the phonetic realization of an Arabic 
utterance contains noticeably more geminate consonants than 
the Arabic writing may suggest. One example is the way the 
1. All examples are monosyllabic words pronounced with their 
pausal forms. 
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1-sound of the definite article assimilates to the solar 
consonant sounds mentioned above, and another example is the 
way in which many geminations occur in written texts as a 
result of phonetic assimilations between the final consonant 
of one word and the initial consonant of the following word, 
or even between the end of one grammatical unit and the 
beginning of another unit. These assimilations and their 
resultant geminates simply have the effect of making identi- 
cal two consonants which are already more or less related. 
We find that assimilation exists at places where there is a 
close syntactic link between the two neighbouring words. 
Quite often, examples have been quoted from the holy Koran 
and from classical literary texts. For example: 
' 
/aur rabbi/ for /aul rabbi/ 
/jayfil lakum/ for 
/'idnix xaadimak/ for 
/'is1a' yanamak/ for 
/mim man/ for 
/'al laa/ for 
/iraj aqual/ for 
/wa d3aa? as sajjaarattm/ for 
/lagad3 d3aa? ak In/ for 
/gas sa'alaha gawnu V for 
/qaf fayafaha hubbar/ for 
/wann jue eia ba ddunjaa/ for 
/wa? iz zajjana lahum ffajtaan/ for 
/Fra? in t d3if fa ad3abun/ for 
/jayfir lakunV 
/'idniy xaadimak/ 
/ ? islax yananak/ 
/min ran/ 
/? an laa/ 
'Give your servant 
a blow on the head' 
'Skin your sheep' 
'Frtzn when' 
' Lest , so that rot' 
/roan j aquul/ ' M-io says' 
/wa d3aa? at sajjaaratun/ 
/lagad d3aa7akttV 
/qad sa? alaha gawtnnm/ 
/qad fayafaha huHban/ 
/waman jurid 6awaaba 1 dunjaal/ 
/wa? iö zaj j ana lahum 1f aj taan/ 
/wa? in tuEd31b faEad3abun/ 
1. Examples without their English translation are quoted from the holy Koran. 
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It is quite obvious that all the above examples show 
regressive assimilation, i. e. the final consonant of the 
preceding word is assimilated to the first consonant of the 
following word. Progressive assimilation also exists in 
Arabic, but it occurs less frequently. 
' 
1.4.2 In I. C. Arabic ' 
Most of the examples which have been discussed to 
show consonant gemination existing as a result of assimila- 
tion in Classical Arabic do not apply to I. C. Arabic. This 
is essentially because in everyday Iraqi speech different 
phrases are used to bear the same semantic interpretations. 
The examples quoted earlier are only limited to Classical 
Arabic. 
However, in I. C. Arabic word-medial gemination 
occurring as a consequence of the assimilation of a voiceless 
consonant by a following voiced or voiceless consonant is 
of common prevalence. Ct] in the following contexts is a 
good case in point. 
Cd] replaces Ct] before Cd], as in: 
/midäaaxliin/ for /mitdaaxliin/ 'they are entangled' 
/middaa niin/ for /mitdaaFrniin/ 'they are collided' 
Cd] replaces [t] before Cd], as in: 
/mi afitniin/ for /mitýlaanniin/ 'they are unified' 
/mig4aathiin/ for /mitclaazbiin/ they are involved in 
a quarrel' 
1. For full details and extra examples see Anis, op. cit., 
especially Chapter seven, pp. 179-207; Antäki, pp. 166-187; 
Cantineau, op. cit., pp. 35-43. 
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Cd3] replaces [t] before Cd3], as in: 
/mid3d3aahliin/ for /mitd3aahliin/ 'they disregard', 'they 
are not paying attention to' 
/mid3d3aawbiin/ for /mitd3aa'biin/ 'they are respondent' 
Ct] replaces [t] before [t], as in: 
/mittaabgiin/ for /mittaabgiin/ 'they are correspondent' 
/mittalligiin/ for /mittalligiin/ 'they are divorced' 
[s] replaces [t] before [s], as in: 
/missaamnhiin/ for /mitsaamihiin/ 'they are forgiving' 
/missaahliin/ for /mitsaahliin/ 'they are lenient' 
Cý] replaces [t] before [s], as in: 
/missaalhiin/ for /mitsaalhiin/ 'they are on good terns' 
/missaahbiin/ far /mitsaahbiin/ 'they became friends' 
[z] replaces [t] before [z], as in: 
/mizzaa1d3iin/ for /mitzawd3iin/ 
/mizzaaEliin/ for /mitzaaliin/ 
CI] replaces [t] before CI], as in: 
/niffaawfiin/ for /mitfaawfiin/ 
'they are married' 
they are on bad terms' 
they are angry with each 
other' 
'they have net before' 
In addition to words characterized by word-initial 
geminates resulting from the assimilation of the 1-sound of 
the definite article /? il/ and a subsequent solar consonant, 
in a way similar to that mentioned in section 1.4.1, a 
geminate occurring word-initially may exist in some verbs 
which are characterized by a prefixed 't' and a word-medial 
geminate. The prefix 't' assimilates to a following consonant 
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if the latter is Cd], It], CS], Ctt], [d3], [0], Cd], Cs], 
Cs], Cz], C! ], as in the examples below: 
/ddarrab/ for /tdarrab/ 'he was trained' 
/ttaffar/ for /ttaffar/ 'it was scattered' 
/ddanman/ for /tdairman/ 'it included' 
/t! tlabbaf/ for /ttfabbaf/ 'he was tamed', 'he was 
broken in' 
/d3d3ammaF/ for /td3 E/ 'it gathered' 
/eOagqaf/ for /tOagqaf/ 'he was educated' 
/Sdakkar/ for /tdakkar/ 'he remarbered' 
/ssad3d3a1/ for /tsad3d3al/ 'it recorded' 
/ssaddar/ for /tsaddar/ 'it was exported' 
/zzawwad3/ for /tzawaad3/ 'he got married' 
If! arrnmas/ for /tfanmas/ 'he sunbathed' 
Such geminates may also occur in verbs with word-medial 
single consonants provided that the vowel which follows 
the geminate should be long. For example: 
/ddaajan/ for /tdaajan/ 'he borrowed' 
/tawal/ for /ttaawal/ 'he was itrpertinent' 
/aaf/ for /tdaaCaf/ 'it was doubled' 
/tftfaalab/ for /ttf aalab/ 'it was cltnmg' 
/d3d3aahal/ for /td3aahal/ 'he disregarded' 
/68aawab/ for /teaawab/ 'he gaped' 
/döasbah/ for /töaabah/ 'he fought fiercely' 
/ssaalam/ for /tsaalan/ 'he shook hands with' 
/ssaaraF/ for /tsaara/ 'he wrestled with' 
/zzaa al/ for /tzaagal/ 'he became angry with' 
/ffaa? any for /tfaa? am/ 'he was pessimistic' 
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On the other hand, the Cl] of the determiner /hal-/, 
'this, these' is assimilated to a subsequent consonant, 
particularly when that consonant is originated at the dental 
or alveo-dental, or palato-alveolar regions. For example: 
/hattiin/ for /haltiin/ 'these figs' 
/hattiin/ for /haltiin/ 'this clay' 
/haddaar/ for /haldaar/ this house' 
/haddeef/ for /haldeef/ 'this guest' 
/hatf tf alib/ for /haltf ali b/ ' this dog' 
/had3d3aar/ for /hald3aar/ this neighbour' 
/ha68oor/ for /halOoor/ this bull' 
%ha66iib/ for /haldiib/ 'this wolf' 
/hassuug/ for /halsuug/ 'this market' 
/hassuut/ for /halsuut/ 'this voice' 
/hazzood3/ for /halzood3/ 'this pair'1 
/ha faab/ for /halfaab/ 'this young man' 
/haö¢aalim/ for /hal6aalinV 'this tyrant' 
/hannuur/ for /halnuur/ 'this light, this brightness' 
/harrad3ul/ for /halrad3ul/ 'this man' 
There are other types of assimilation involving some 
consonants that result in gemination in everyday Iraqi 
speech. For instance the C1] sound of the preposition /? il-/ 
'to, for' becomes [n] when the former is followed by [n] , 
as in /? inna/ instead of /? ilna/ 'to us'. The consonant [1] 
also becomes [n] in other words, such as /baddanna/ for 
/baddalna/ 'we changed', and /maanna/ for /maalna/ 'ours'. 
The [n] of the very widely-used prefix /dan-/, usually used 
to indicate continuity of action, is assimilated to an 
1. This expression may also be used sarcastically to mean 'this nincompoop'. 
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ensuing consonant to form a geminate, as in these contexts: 
/darruuh/ for /danruuh/ 'let's go, we are going' 
/darmfinit/ for /dar=nit/ 'let's die, we are dying' 
The assimilated forms may also occasionally be heard, but in 
everyday normal-speed conversation the assimilated forms are 
of common use. (See Erwin, 1969, p. 74). Similarly, the 
consonant [n] is pronounced [r] when it is followed by [r] 
and pronounced [m] when it is followed by [m], as in these 
examples: 
/jirraad/ for /jinraad/ 
/marruuh/ for /manruuk/ 
/j imturid/ for /j inn urid/ 
/jinmilix/ for /jirniilix/ 
'it is needed' 
Ne don't go' 
'it is crashed' 
'it is torn'. 
1.5 Geminate Proper 
1.5.1 In Classical Arabic 
Earlier, in section 1.3, it has been mentioned that 
all consonants in Arabic, whether they are solar or lunar, 
are capable of being geminated in word-medial position. This 
gemination can function to distinguish one word from another, 
and contrasts can be made between the geminated consonants 
and their corresponding single cognates. It is this type 
of gemination that we usually refer to when we talk about 
geminate consonants in Arabic, and a geminate consonant of 
this category may be appropriately termed as 'geminate proper'. 
Unlike gemination which occurs as a result of the 
process of assimilation, geminate proper is always a basic 
part of the internal structure of the word. It is an important 
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factor in determining the syllabic pattern of words. (see 
section 1.2.2.1). 
In Arabic, differences between words having medial 
geminate consonants and others having their corresponding 
single consonants are extremely significant, and there are 
pairs of words which are differentiated on the grounds that 
one contains a medial geminate consonant and the other 
contains its single counterpart. But this, of course, does 
not necessarily imply that every word in Arabic with a 
geminate consonant, whether it is word-initial or word-medial, 
has a corresponding word with a single consonant, or the 
other way round.; -The following are examples having inter- 
vocalic single consonants, both solar and lunar, with 
corresponding words containing their geminate cognates. 
They are presented in matching pairs to make comparison 
easier and more obvious. The chosen words are trisyllabic 
verbs having the patterns of (faEala. ) for the singles and 
(faEEala) for the geminates. 
single geminate 
/rasaba/ 'he failed' /rassaba/ 'he caused to fail' 
/nasaba/ 'he constructed' /nassaba/ 'he appointed' 
/fayala/ 'he occupied' /fayyala/ 'he offered a job' 
/ralala/ 'he departed' /rahhala/ 'he caused to depart' 
/ýabara/ 'he crossed' /ýabbara/ 'he made to cross' 
/kataba/ 'he wrote' /kattaba/ 'he made to write' 
/ra? asa/ 'he headed' /ra?? asa/ 'he made to be the head' 
/lacnaha/ 'he saw' /imro a/ 'he indicated' 
/halaga/ 'he shaved' /hallaga/ 'he flew' 
/darasa/ 'he studied' /darrasa/ 'he taught' 
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This contrast between geminate and non-geminate consonant 
does not only occur in verbs. It is also found in other 
parts of speech, such as nouns and adjectives. For example: 
/d3amaalun/ 
// 
/falaahun/ 
lbeauty' 
pigeons' 
/d3atnnaalurn/ 
/Inga aarnm/ 
/fallaahun/ 
' cannel-driver' 
'bath' 
/gasaasun/ 
'success; 
victory' 
'ptmisbn nt' 
'peasant' 
/q a, ýaaýun/ 'story-writer 
Nevertheless, there are words in Arabic, which are 
of different parts of speech, that contain medial geminates 
for which there are no corresponding words with medial 
single consonants. The verbs usually take the pattern of 
(tafaEEala), and the nouns the pattern of (faEEaal) which 
normally denotes craftsmanship. For example: 
/tanaffasa/ 'he breathed' 
/tamaIasa/ 'he examined carefully' 
/tabaddala/ he changed 
/takallama/ 'he talked' 
/tasarrafa/ 'he behaved' 
/haädaadun/ 'blacksmith' 
/nad3d3aanun/ 'carpenter' 
/rassaaxam/ 'painter' 
/d3azzaanm/ 'butcher' 
/YaMaasun/ 'diver' 
At the same time, words having medial single consonants for 
which there are no corresponding words with medial geminates 
are too many to be counted in Arabic. 
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1.5.2 In I. C. Arabic 
Similar to that of Classical Arabic, word-medial 
gemination in I. C. Arabic distinguishes one word from 
another, and contrasts can be made between words with 
geminate consonants and others with their single counter- 
parts. In everyday Iraqi speech there exists a great number 
of words which are differentiated on the grounds that one 
contains word-medial or word-initial geminate consonant and 
the other contains its single cognate. With regard to I. C. 
Arabic this type of gemination is considered as 'geminate 
proper' since its presence in a word does not come as a 
consequence of the phenomenon of assimilation. 
Word-medial geminates in I. C. Arabic are contrastive, 
and there are quite numerous words that contrast with others 
having single consonants. These words differ not only in 
their medial consonants, one being single and the other 
geminate, but also in some cases in having different vowel 
qualities in the first syllable of the contrasting words. 
This difference in vowel quality must not be considered as 
another factor that causes the contrasting words to yield 
different meanings. In such contexts, the Iraqis frequently 
tend to change vowel [a] of the first syllable in the 
Classical Arabic word into either [il or [u3. An Iraqi layman 
does not differentiate between the meaning of, let's say, 
/kitab/ and /katab/, or /Subar/ and /Eabar/ except that the 
pronunciation of the word with the first syllable having the 
vowel [a] seems to him rather pedantic and more of the 
literary-like style. The geminates can both be solar and 
lunar, as shown in the examples below: 
-45- 
/hisab/ /liasab/ 'he counted' 
1/ 
tassab/ ' he reckoned' 
/gusab/ /gasab/ 'reeds' /gassab/ 'he slaughtered' 
/bahr/ /baf ar/ 'human beings' /ba f ar/ 'he announced (good news)' 
/saxar/ /saxar/ 'rocks' /saxxar/ 'he requested to do' 
/ziýal/ /zaEal/ 'he becan 2 /zaal/ 'he made (sateanel ang1Y ang 
/rid3aE/ /rad3a; / 'he returned' /rad3d3aE/ 'he returned (scfre- 
thing)' 
/baVal/ /batal/ 'hero' /battal/ 'he gave up' 
/wilad/ /walad/' 'he was born'3 /walfad/ 'he generated' 
/fahW /fahar1/ 'fat' (n. ) /Ia W 'he became fat' 
/mahad/ /mahad/ 'cradles /mahhad/ 'he prepared (the way)' 
In I. C. Arabic, geminate properýis not only confined 
to word-medial position. It also exists initially in certain 
words beginning with Lb],. En] or [1]. Compared with corres- 
ponding words beginning with single consonants, the words 
beginning with geminate consonants are used to exemplify 
certain grammatical structures, as in the following examples: 
single geminate 
/beeti/ 'my house' /bbeeti/ 'in my house' 
/baidaad/ 'Baghdad' /bbaydaad/ 'in Baghdad' 
/visa/ 'he forgot' /nnisa/ 'he was forgotten' 
/libas/ he put on his clothes' /llibas/ 'it was put on '4 
/lizanV he caught' /llizam/ 'he was caught' 
1. The pronunciation /hasab/ may also mean 'noble birth'. 
2. The pronunciation /zaEal/ may also mean the noun 'anger'. 
3. The pronunciation /walad/ may also mean 'boy, lad'. 
4. Metaphorically, it means 'he was neglected'. 
-46- 
These examples show clearly that in the case of initial Ebb], 
the word denotes an adverbial phrase of place, whereas in 
the case of initial [nn] and [11], the words indicate the 
passive form of a past tense. 
Finally, it is of interest to remark that with some 
words, initial geminates are able to change an utterance 
from a statement into a question. This is usually the case 
with the following sibilants: 
/1ifit/ 'I S . W, /11ifit/ 'what did you see? ' 
/sad3d3alit/ 'I recorded' /ssad3d3alit/ 'what did you record? ' 
'I shouted' /ssihit/ 'what did you shout? ' 
1.6 Studies on Arabic Gemination 
In this section we shall review previous works that 
dealt with the phenomenon of gemination in Arabic as a whole. 
Works that studied gemination and other related subjects in 
languages other than Arabic will be fully reviewed in the 
next chapter. The section will be divided into two sub- 
sections. The first will deal with those works that studied 
Arabic gemination theoretically, and the second will present 
those works that investigated the phenomenon experimentally. 
The theoretical studies were, undoubtedly, greater in number 
than the experimental investigations since the former had 
started much earlier. 
No attempt will be made in this section to review 
those studies initiated by the old Arab grammarians; this 
is partly because their studies lie outside the scope of 
-47- 
the present investigation, and partly because their basic 
ideas about gemination in Arabic have been briefly reviewed 
in the first two sections of this chapter. Therefore, our 
remarks will be confined mostly to those studies that have 
appeared since the advent of the current century. 
1.6.1 Theoretical Studies 
During the second half of the last century two works 
(Forbes, 1863; Socin, 1895) were published that studied the 
grammar of the Arabic language. Both works discussed the 
Arabic term 'taldiid', i. e. gemination. For Forbes (ibid. ) 
'taldiid' simply signifies corroboration, and in Arabic 
writing a consonant is shown to be geminated when the mark 
(U) is placed over it. He states that "In certain instances 
the symbol tafdiid is employed for the sake of euphony, when 
an inert letter is followed by a different letter having a 
cognate sound, or one which is capable of coalescing with 
the former. " [p. 15]. Thus, the word /madadtu/ 'I extended' 
is said to be preferably pronounced as /madattu/, i. e. with 
geminate Ctt], to show that [d] has coalesced with the 
succeeding [t]. 
Forbes (ibid. ) recognizes the possibility of having 
gemination when the Cl] of the definite article /? al/ 
coalesces with a word-initial solar consonant, as in 
/'an-nuuru/ 'the light' instead of /? al-nuuru/. He then 
states that in modern Egyptian and Syrian dialects the Cl] 
of the article "retains its natural sound before all letters, 
whether solar of lunar. " [p. 37I. He also adds that in some 
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instances the final [n] of the two words /min/ and /? an/ 
is changed into that which follows, as in the two phrases 
/mim-man/ 'from whom' for /min-man/, and /? al-laa/ 'lest, 
so that not' for /? an-laa/. 
Socin (op. cit. ) follows Forbes in using the term 
'tafdiid'. According to him the doubling of a consonant, 
i. e. gemination, is either due "to the essential nature of 
the form, nominal or verbal..., or is the result of assimila- 
tion. " [p. 11]. He remarks that when one consonant is 
assimilated to another, the assimilation is further graphi- 
cally represented by the removal of the 'sukuun', viz. the 
pausal sign, from the assimilated consonant. This, he adds, 
applies to the C1] of the article /? al/, when the latter 
precedes a solar consonant. The words /min, /Fan/, /? an/ 
and /? in/, when followed by words beginning with Em] or C1], 
are said to be usually combined with them into one word and 
the final [n] is at the same time assimilated to the follow- 
ing consonant. Hence, he refers to the same words reported 
by Forbes (op. cit. ). 
Early in this century, Oussani (1901) wrote an article 
on what he called the 'modern' Arabic dialect of Baghdad, 
which he regards as one among the most important Arabic 
dialects. In this study he confines himself to the way 
consonants and vowels are pronounced and "to some rough notes 
on the principal phonetic, morphological and lexicographical 
peculiarities" that characterize the dialect. The words 
presented as examples clearly denote that the author was 
primarily concerned with that accent of Baghdadi dialect as 
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spoken by Muslim, Christian and Jewish communities living 
in Baghdad at that time. However, the dialect described was 
"essentially Christian Baghdadi. " (Blanc, 1964, p. 50). For 
instance, words such as /dahab/ 'gold', /toob/ 'cloth, shirt', 
/madrasi/ 'school' and /? abuunuu/ 'his father' are reported 
in place of the most popular pronunciations /6ahab/, /Aoob/, 
/madrasa/ and /? abuuh/, respectively. Other examples where 
[r) is replaced by [y], as in /ýafya/ 'ten' and /yummaan/ 
'pomegranates' are also reported. Such pronunciation can 
by no manner of means be considered as genuine Baghdadi 
dialect. This, is obviously due to the fact that this type 
of pronunciation is not used by the vast majority of the 
people living in Baghdad nor in places around it. In point 
of fact, this is the type of pronunciation which is predomi- 
nantly heard in some other places in the north of Iraq, such 
as in the big city of Mosul. 
Although Oussani (op. cit. ) does not mention the terms 
'gemination' and 'geminate consonants', he quotes a number 
of words containing word-medial geminates. For example, the 
following words have been cited: 
/battiix/ 'melon' 
/tsalli/ 'you pray' 
/mdarris/ 'instructor' 
/mEallim/ 'teacher' 
/minnuu/ 'from him' 
At the same time, some proper nouns used in the dialect of 
Baghdad by the three communities, which contain geminate 
consonants, are also mentioned. Personal names like 
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/1akkuurii/, /razzuuqii/, /Eabbuudii/, /nassuurii/, 
/d3abbuurii/ and /fattuuma/ are reported, in which there is 
a medial geminate: EkkJ, Czz], Ebb], Csq], Ebb] and [tt], 
respectively. A list of adverbs and adjectives of common 
use in the dialect is adumbrated. Some of the words included 
in the list have intervocalic geminate consonants, such as: 
/hammeena/ 'also' 
/lwajja/ 'little' 
/d3awwa/ 'inside' 
/barra/ 'outside' 
Later, van Ess (1917,1938) published his well-known 
pamphlet entitled 'The Spoken Arabic of Iraq'. The widely- 
used Arabic term 'fadda' is clearly explained. - It is 
defined as a special sign used in Arabic orthography which 
is normally placed over a consonant to indicate that "the 
consonant must be doubled. " [p. 5]. The most popular Arabic 
name 'muhammed', with medial geminate Cmm], is given as an 
illustration. 
Van Ess (op. cit. ) mentions the possibility of 
gemination as a consequence of the process of assimilation 
in word-initial position. This usually happens when the 
definite article is followed by a solar consonant where the 
Cl] of the article is assimilated to that consonant, which 
is then doubled. The word /iffams/ 'the sun' is given as 
an example. He also remarks that "when the article is 
preceded by a vowel, the Ci] of the article should rightly 
be dropped in transliteration, and the C1] affixed to the 
preceding word, inasmuch as its corresponding vowel in Arabic 
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disappears in pronunciation. " Cp. 91. 
Blanc (1952,1964) studied Arabic gemination. He 
states that gemination in Arabic is a prolongation of the 
'continuants' and a lengthened closure of 'stops'. (Blanc, 
1952, p. 73). Closely following the investigation carried 
out by Oussani (op. cit. ), Blanc (1964) examines three 
distinct dialects of what he called the colloquials of the 
Muslim, Christian and Jewish communities of Baghdad. He 
describes the three dialects thoroughly and compared them 
to one another. He also traces their historical developments 
from Classical Arabic. 
In discussing the phonological status of consonant 
clusters, Blanc (ibid. ) contends that the three dialects do 
not differ markedly in the combinations of consonants that 
occur as initial or medial clusters, and that a consonant 
tends to be assimilated to the following consonant unless 
that consonant is a 'sonorant' or C? I or [c]. The three 
dialects show a marked tendency toward assimilation of a 
plosive to a following homorganic fricative. This type of 
assimilation is said to result in consonant gemination. Only 
two examples have been given to illustrate geminated consonants 
as a consequence of an assimilation between a plosive and 
a subsequent homorganic fricative. The two examples are: 
[b] plus /faras/ beanies /ffaras/ 'with a horse' 
It] plus /sawwi/ becxxnes /ssawwi/ 'you do' 
Blanc (ibid. ) believes that in all three dialects 
word-final geminates are treated alike and that word-medial 
geminate clusters are reduced to a single consonant when 
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they are immediately followed by another consonant, as in 
the word /salmuu/ 'greet'. This reduction, he remarks, is 
either due to historical or morphological processes. Word- 
final geminates, in the pausal form, are similarly reduced 
to their single counterparts so that /kil/ 'eat' and /kill/ 
'all' are regarded to be homophonous in the dialects of the 
Christian and Jewish communities. He adds that "the distinc- 
tion retained in the notation is morphophonemic, and reflects 
the fact that gemination is restored not only with vowel- 
initial suffixes ... but also when followed by a word with 
initial vowel, including anaptyctic vowels ... ." Cp. 541. 
Mitchell (1956) uses the term 'doubled consonants' 
to mean 'geminate consonants'. For him any of the Arabic 
consonants may be geminated, and a geminate consonant "must 
be pronounced approximately twice as long as a single one. " 
[p. 8]. He suggests that special attention should be paid to 
the feature of gemination when it occurs at the end of words 
in Arabic, as in /habb/ 'he liked', and /muhimm/ 'important' 
where word-final geminate consonant is characterized by 
greater muscular tension in the articulatory organs. 
Harrell (1957) examines consonant clustering in 
colloquial Egyptian Arabic. He regards it as one of the 
essential problems of consonant distribution in this dialect. 
According to him, only single consonants occur in word-initial 
position; while both single and abutting consonants, including 
geminates, occur word-medially. In word-final position single 
and compound consonants, excluding geminates, are said to occur. 
1 
1. Harrell follows Stetson's (1951) definitions of the two 
terms 'abutting' and 'compound' consonants. For further details 
see Harrell, ibid., p. 30, fn. (5). 
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Harrell (op. cit. ) disagrees with the previous 
analyses of Egyptian Arabic that have included final geminates. 
He argues that the problem mainly lies in the definition of 
a geminate phonetically and states that internal abutting 
consonants and final compound consonants are fundamentally 
different in their syllable functions. In abutting consonants 
the first consonant closes the preceding syllable and the 
second consonant releases the following syllable. He defines 
an internal geminate as "a given consonant articulation held 
across a syllable boundary, so that a fall of air pressure 
behind the closure after the formation of the articulation is 
followed by a rise of air pressure-from a new intercostal 
pulse before the release of=the articulation. " [p. 31]. In 
accord with this definition, Harrell comments that the crucial 
factor is not length per se, but "length-across a syllable 
boundary so that a given articulation functions independently 
in two syllables. " [loc. cit. ]. On the other hand, a 'pre- 
pause geminate' is definable only in terms of length because 
a final compound consonant functions in only one syllable. 
However, Egyptian Arabic is said to show no organized use 
of prepausal consonant length. 
Harrell (op. cit. ) believes that previous analyses of 
prepause geminates in Egyptian Arabic suffered from a confu- 
sion of morphological alternation with phonological facts. 
He states that there are numerous examples of stressed pre- 
pause syllables with short vowels closed by single consonants 
which can stand in morphological alternation with other 
utterances having word-medial geminates, as, for instance, 
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in /sikit/ 'I became silent' and /masikittif/ 'I did not 
become silent'. He comments that this alternation does not 
hold consistently throughout this Arabic dialect, and 
suggests that If this alternation were consistent through- 
out the language, it might be justifiable to treat prepause 
['VC] as /VCC/. " [p. 31]. He, eventually, reaches the 
conclusion that due to lack of consistency in morphological 
alternation and phonetic evidence of indeterminate length 
of final consonants it is quite impossible to give a meaning- 
ful definition of final geminate in the Arabic dialect of 
Egypt. 
In a subsequent paper, Harrell (1962) discusses the 
existence of geminate consonants in Moroccan Arabic. He 
distinguishes three contrasting lengths-in this dialect. 
1 
Moroccan consonants, he remarks, not only show a contrast 
between short and long, but also a contrast among short, 
long and extra long, as it is clear in /simha/ 'her name', 
/sim"ha/ 'her poison' and /sim: ha/ 'he poisoned her', respec- 
tively. This type of length contrast also occurs with other 
consonants, such as voiceless fricatives and plosives. The 
long consonants are phonemically interpreted as geminates, 
and they are "of no particular theoretical interest. " Ep. 6961. 
The extra long consonants, on the other hand, are regarded 
as the rare phenomenon of a regular distinction of the three 
degrees of consonant length in a language. 
Cowan (1958) considers 'doubled', i. e. geminated, 
consonants in Arabic as two identical consonants that come 
together and which are not separated by a vowel. He states 
1. Cf. Lehiste (1960,1966) and Lehiste et al. (1973) for Estonian. Also see-Chapter Two of this study, section 2.2. 
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that vowelless dental consonants are generally assimilated 
to a following [t], as in /quttu/ for /qudtu/ 'I led'. The 
latter pronunciation is by no means considered incorrect, 
but the correct pronunciation of the two adjacent consonants 
would bring about this assimilation. In so far as writing 
is concerned, the first consonant is written without the sign 
of gemination, viz. 'Iadda'; whereas the second receives it. 
Cowan (op. cit. ), also states that a vowelless [n] 
assimilates to a following Cl] "either in pronunciation or 
actually in writing"Cpp. 5-6], as in the conjunctions /? allaa/ 
for /? anlaa/ 'that not', and /? illaa/ for /? in. laa/ 'if not, 
otherwise'. He adds that the C1]'sound of the definite 
article in Arabic is assimilated to-the following consonant 
when the noun or adjective defined by the article begins 
with one of the solar 'letters'. 
In 1959, Nasr made a phonological study for predicting 
the location of stress in Lebanese Arabic. He presents 
examples in which geminate consonants occur finally in mono- 
syllabic words, such as /saff/ 'classt. Word-medial geminates 
are illustrated in words of disyllabic, trisyllabic and 
quadrisyllabic structures, as in /lanni/ 'that I', /sid3d3aadi/ 
'carpet' and /sid3d3aadaatna/ 'our carpets', respectively. 
In his article of (1960), Nasr states that length 
in spoken Lebanese Arabic is phonemic. It applies to 
consonantal and vocalic segments separately. He considers 
length as a segmental feature rather than a suprasegmental 
one. This is to say, it does not apply to syllable, morphemes 
of more than one phoneme, or to words as a whole. He contends 
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that the difference between the short, i. e. non-geminate, 
and long, i. e. geminate, sounds is that "the long sounds 
take a relatively longer time to be completely produced 
than the short ones. " [p. 210]. He chooses a number of 
minimal pairs containing word-medial single and geminate 
consonants to illustrate the difference. The following are 
some of these pairs: 
1 
/sabab/ 'cause' /sabbab/ 'he caused' 
/batal/ 'hero' /battal/ 'he ceased' 
/nafas/ 'breath' /naffas/ 'it lost air' 
/na&am/ 'yes' /naEýam/ 'he smoothed' 
/sama/ 'sky' /samma/ 'he named' 
/Eala/ 'on' /Ealla/ 'he raised' 
/mara/ 'woman' /marra/ 'once" 
Perhaps the most thorough and wide-ranging study of 
Iraqi Arabic ever carried out was by Erwin (1963). The study 
is essentially concerned with examining the grammatical 
features in the dialect. However, other phonological, 
morphological and syntactical features are tackled. For 
instance, geminate consonants are dealt with under the 
general title of 'sounds in combinations'. He views the 
phenomenon of gemination merely as the doubling of consonants 
and assumes that any consonant in Iraqi Arabic may occur 
double. This obviously refers to geminate consonants 
occurring in word-medial position irrespective of whether 
they are solar or lunar, as in /dabbar/ 'he arranged', /hassa/ 
'now', /salla/ 'basket', /raggi/ 'watermelon', etc. He then 
1. For more examples, see Nasr, 1960, pp. 210-211. 
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notes that not all geminate consonants occur word-initially, 
and most of those geminates which exist in such word position 
"are the result of a combination of certain one-consonant 
prefixes and stems which happen to begin with the same 
consonant. " [p. 281. The examples he presents are, in fact, 
either the result of assimilation between the definite 
article and a following consonant, or the result of certain 
grammatical processes. The following words are among the 
examples quoted: 
/9eaani/ 'the second' 
/zzibid/ 'the butter' 
/tteer/ 'the bird' 
/ddaxxal/ 'he interfered' 
/mmaffit/ 'having combed' 
In word-final position, a geminate consonant is the 
same as the corresponding single consonant. For him the 
difference lies in the location of the stress. He claims 
that a word ending in a geminate consonant has stress on the 
final syllable, as in /ma'hall/ 'place'; whereas a word 
ending in a non-geminate consonant has stress elsewhere, 
provided that the consonant should not be preceded by a long 
vowel, as in /'sihal/ 'he pulled'. 
Erwin (op. cit. ) remarks that with a geminate plosive 
consonant "the closure is maintained slightly longer before 
release than for the corresponding single consonant. " [p. 27). 
The case seems to be similar with a geminate affricate and 
its single cognate. On the other hand, when a fricative, 
nasal, or lateral is geminated "the continuous sound is 
.ý 
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prolonged slightly longer than for the corresponding single 
consonant. " Cloc. cit. 7. He, therefore, conceives of 
gemination as essentially the lengthening of corresponding 
non-geminate consonants. Geminate semivowels are reported 
to occur intervocalically only, as in /huwwa/ 'he' and 
/hijja/ 'she'. 
In 1969, Erwin issued a companion volume for his 
work of 1963. In point of fact, it was another comprehensive 
study of Iraqi Arabic. Most of the basic ideas discussed in 
his former work are revised, elaborated and represented. 
Here, again, he discusses the vital significance of gemination 
in Iraqi Arabic and suggests that a geminate consonant "may 
be thought of as a special kind of two-consonant cluster in 
which the two are identical. " [p. 19'). He assumes that the 
distinction between a single consonant and its geminate 
counterpart in Iraqi Arabic is as important as distinguishing 
between [p] and [b] in English. This is because "the 
difference between the two may alone make the difference 
between one word and another, or between a real word and a 
form which will not be understood at all. " [pp. 19-20]. 
In terms of articulation, Erwin (ibid. ) continues 
his assumption that the difference between a geminate and a 
non-geminate consonant is only a matter of relative duration 
and states that geminate consonants are sometimes called 
'long consonants'. For him the difference between a single 
and a geminate consonant is very much like the difference 
between a short and a long vowel. 
Cowell (1964) seems to be in agreement with Erwin's 
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assumption. He considers the main difference between long 
and short sounds is simply the relative length of time the 
articulation is held. He states that long consonants are 
held not only longer but generally also tighter than short 
consonants. The following words, selected from Syrian Arabic, 
are cited to show the difference: 
short long 
/yani/ 'rich' /yanni/ 'sing' 
/mara/ 'a woman" /marra/ 'a time' 
/hamaam/ 'pigeons' /hammaam/ 'bath' 
Cowell (op. cit. ) uses the two terms 'double' and 
'long' synonymously. They both stand for geminate or 
geminated sounds. The term 'short' is used to mean single 
or non-geminate. He notes that in Syrian Arabic any single 
consonant may occur initially, medially, or finally, before 
or after any vowel in a word. Double consonants, on the 
other hand, may occur word-medially, i. e. between vowels, 
as in /rabbi/ 'my God', /hatta/ 'until', /Eammi/ 'my uncle', 
etc. He adds that in word-initial position, double consonants 
are limited to those formed by the combination of a prefix 
or proclitic with the first stem consonant. Consonants 
If, g, y, h, It, k, q, x, & and ? are excluded because they 
do not occur doubled word-initially. In word-final position, 
any double consonant may occur after a stressed vowel. 
Cowell (op. cit. ) remarks that at the end of a phrase 
"long consonants (like long vowels) do not actually contrast 
with short ones; writing them double simply serves to show 
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the position of the accent and their potential significant 
length before vowels. " Cpp. 23-24]. He states that long 
consonants seldom occur before another consonant, except in 
sequences involving the definite article, or demonstrative 
proclitics, or the person suffix-t, as in /z-zabuun/ 'the 
customer', /har-r3aal/ 'these men' and /baCattna/ 'you sent 
us '. 
1 
A long consonant occurring before a vowel has the 
tendency to lose its distinctive length before another 
consonant or at the end of a phrase. Cowell also mentions 
the possibility of having a geminate as a result of assimila- 
tion, such as in-the expressions /? ahsal-lak/ 'it would be 
better for you' for- /7ahsan-lak/, and /manmuut/ 'we don't 
die' for /manmuut/. Assimilation that results in gemination 
may also occur across word boundaries, particularly between 
sequences of two contiguous consonants. Such assimilation 
tends to eliminate certain 'awkward' clusters, such as 
/raaC Cal balad/ for /raah Cal balad/ 'he went to town'. 
In his study of the eastern Arabian dialects, Johnstone 
(1967) reports that word-initial geminate consonants are not 
very common in these dialects, except in very few phrases 
such as /ssalaam/ 'the peace' and /ttamr/ 'the dates'. These 
geminate consonants may change into their single counterparts, 
as in the everyday greeting /salaam &aleekum/ 'peace be on 
you' for /ssalaam &aleekum/. Johnstone shares Mitchell's 
view (1956) that a final geminate is characterized by tense- 
ness of articulation as compared with a non-geminate. He 
1. In the case of /z-zabuun/, it is difficult to see on what 
evidence his conclusion is based, i. e. that the first [z] is 
considered as a long consonant. Obviously, it occurs as a 
result of the process of assimilation between the definite 
article and the following [z]. 
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states that gemination after a short vowel may exist as a 
natural consequence of 'stress regression'. This is 
illustrated by pronouncing the word /balamm/ 'a type of 
boat' with primary stress on the second syllable /-lamm/ 
and with a rising intonation as if requesting repetition 
or confirmation of information. 
' 
In eastern Arabian dialects, 'deliberate' speech is 
characterized by frequent occurrences of consonant clusters 
due to elision of short vowels. One element of such consonant 
clusters is a geminate consonant which usually becomes a 
single consonant. For example: 
2 
/7d3assimnm/ > /jd3assmuin/ >. /jd3as aun/ 'they distribute' 
/d3asshtdh/ > /d3ass nih/ > /d3asmih/ 'distribute it' 
In these cases, however, the geminate may be retained when 
it is a 'liquid'. It may also be retained in word junction, 
as in /kul(l) joom/ 'everyday'. 
Al-Ani and May (1973) state that there exists a 
phonemic as well as a lexical contrast between pairs of 
words differentiated merely by gemination of the second 
consonant of the root. Pairs of words, such as /kataba/ 
'he wrote' and /kattaba/ 'he made (someone) write'; /kasara/ 
'he broke' and /kassara/ 'he broke (it) into pieces' are 
reported. They comment that despite the substantial role 
played by acoustic phonetics in demonstrating that "a sequence 
of two identical consonants is indivisible into two units, 
1. Perceptually, the consequence is that the word sounds like */-llamm/. 
2. See Johnstone, op. cit., p. 27. 
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there is also contrast in the articulation of such geminate/ 
non-geminate pairs. " [p. 1213. They contend that the geminate 
consonants of /kattaba/ and /kassara/ cannot be physically 
considered as sequences of Ctt] and Ess], respectively. This 
is believed to be due to the fact that, for instance, a 
geminate plosive like Ctt] shares--with its single counterpart 
It] the phonetic phenomenon of bne release, i. e. occlusion 
offset, rather than two, in spite of the fact that the geminate 
Ctt] is held for a longer closure duration than It]. This 
principle applies similarly to fricative consonants where 
the difference of duration between single consonants and 
their geminate cognates is clearly noticeable. 
While discussing the syllabic structure in Arabic, 
Al-Ani and May (op. cit. ) remark that, on the phonetic and not 
on the phonotactic level, one encounters the problem of 
segmenting clusters of two identical consonants when they 
occur word-medially. According to them, the indissolubility 
of geminate consonant clusters is a phonetic phenomenon which 
creates a difficulty in segmenting the syllable in Arabic on 
the phonetic level. They state that the difficulty lies in 
the fact that a syllable boundary signal should occur between 
the geminated consonants, and that a geminate consonant in 
Arabic is represented by two identical symbols in the transcrip- 
tion only for the sake of consistency with the phonological 
system of the language. 
In his two recent studies of the phenomenon of 
consonant gemination in Arabic, Benhallam (1979,1980) tries 
to establish rules based on the generative approach 
-63- 
to phonology. He reports that the analysis of geminate 
clusters shows that one needs to go beyond stating that a 
rule has to be constrained from breaking up geminate clusters 
is more highly valued than one that breaks them. He dis- 
tinguishes between two types of geminates in Arabic; the 
'underlying geminates' and the 'derived geminates'. The 
former can be split up by morphological or phonolexical rules; 
whereas the latter can be split up only by phonological rules. 
He states that geminate clusters can be split up by morpho- 
logical or morpholexical rules but not by phonological rules. 
Unfortunately, Benhallain does not present examples to illustrate 
this statement, i. e. what he calls 'the geminate law'. He 
only remarks that this law does not claim to be universal and 
that "it is a claim as to a general tendency of how geminate 
clusters behave in natural languaoe. " (Benhallam, 1980, p. 141). 
He points out that counterevidence to this law can be constituted 
by a case of geminates that are broken up by phonological 
rules, as in the following words from Moroccan Arabic: 
mamdud (>/m+mdd/) 'lying down' 
mamluk (>/m+mlk/) 'owned' 
Both words are obviously passive participles and the resultant 
word-initial geminates are formed by affixation. Benhallam 
states that an investigation into the use of the above words 
reveals that they are heard in 'very careful speech' where 
they can be considered as cases of hypercorrection. In 
'normal speech', however, one usually hears mmdud and mmluk, 
respectively. 1 
1. For further details see Benhallam, 1980, Chapter Seven, 
pp. 125-147. 
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Despite the fact that both studies are mainly 
concerned with Moroccan Arabic, Benhallam extracts his 
rules from words which are frequently used by speakers of 
modern standard Arabic. He contends that triconsonantal 
root is the preferred type in Arabic because it is 'the 
minimal viable pattern'. He adds that "if a great number 
of biconsonantal roots are allowed into the language and a 
process of weakening or consonant elision takes place, one 
would end up with monoconsonantals. " (Benhallam, op. cit, p. 5) . 
However, for him all monosyllabics in Arabic are considered 
as functional words with a very minimal semantic load. They 
are mostly prepositions-which have to be connected to the 
following word because they cannot stand by themselves. On 
the other hand, he remarks that triconsonantals are not 
allowed to have initial geminates "so that the geminates would 
not undergo a likely simplification (shortening ?) and end 
up as biconsonantals. " Cloc. cit. ]. 
Following Kurylowicz (1972), Banhallam `(op. cit. ) 
believes that triconsonantals can be created from original 
biconsonantals. For instance, the doubling of the second 
consonant creates verbs with word-final geminates, as in the 
examples below: 
Y-1 y-1-1 /yaila/ 'he inserted' 
f-q f-q-q Ifaqqa/ 'he split' 
k-1 k-1-1 /kalla/ 'he got tired of' 
b-1 b-1-1 /balla/ 'he moistened' 
Quite obviously, Benhallam considers the above words as tri- 
consonantal verbs ending with geminates. He disregards the 
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presence of word-final [a] since its prime function in a 
word is to denote the non-pausal form in Arabic. The pausal 
forms, viz. /gall, faqq, kall and ball/, respectively, are 
used in Arabic as well. However, he notes that not all tri- 
consonantals with geminates are of biconsonantal origin 
because he thinks that "it is hard to tell just from looking 
at a verb whether it is of biconsonantal origin or not. " [p. 6]. 
He adds that the geminate consonants might have been there 
all along, or might have resulted from the process of assimila- 
tion of two homorganic 'radicals' or an expanded second 
radical, as is evident from the examples quoted above. 
What is more, Benhallam (op. cit. ) observes that Arabic 
has, among its enormous lexical entries, quadriconsonantal 
forms containing word-medial geminates which are originally 
derived from triconsonantal forms. The examples below 
illustrate this fact: 
/d3ammada/ 'he froze' fran /d3amada/ 'to freeze' 
/d3addala/ 'he tightened' from /d3adala/ 'to tighten' 
/fagqa? a/ 'he burst' fran /faqa? a/ 'to burst' 
He comments that the geminates in the above examples are 
the result of regressive assimilation where the original 
quadriconsonantal forms are /d3almada/, /d3andala/ and /farqa? a/, 
respectively. Both /d3amada/ and /d3almada/ are regarded as 
synonymous; whereas /d3ammada/ is considered as the 'causative'. 
Nevertheless, it is hard to prove that /d3ammada/, /d3addala/ 
and /faqqa? a/ are resulted from regressive assimilation in 
the quadriconsonantals /d3almada/, /d3andala/ and /farga? a/, 
respectively. This is partly because these words are derived 
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from different roots, and partly because they bear different 
semantic interpretations. Accordingly, Benhallam's suggestion 
that one should be cautious not to confuse forms that have 
doubled their medial consonant, as in /kattaba/, and forms 
that result from regressive assimilation, as in /d3ammada/, 
seems irrelevant since the geminates in both forms are 
primarily derived from words having a triconsonantal pattern, 
i. e. /kataba/ and /d3amada/, respectively, where the medial 
consonant is single. 
More recently, Rahim (1980) has made an interesting 
and comprehensive investigation of I. C. Arabic. He studies 
the phonology of everyday Iraqi Arabic from the functional 
point of view, and attempts, for the first time, to arrive- 
at a 'phonematic' analysis of I. C. Arabic entirely based on 
the theories established by the functional school of linguis- 
tics. 
Following other researchers of this school (e. g. 
Cantineau, 1960a and 1960b), Rahim (ibid. ) prefers to use 
the widely-used Arabic term 'tatdiid' and its derivatives in 
lieu of the European term 'gemination' and its derivatives. 
1 
He remarks that 'tafdiid' is a term very often used by the 
Arab grammarians and it'has never been used by non-Arab 
linguists; while the term 'gemination' is generally used by 
European and American scholars. He adds that "the concept 
of 'gemination', on the one hand, mostly refers to the 
'doubling of consonants'. On the other hand, the term 'tashdid' 
1. For full information see Rahim, ibid., p. 196, fn. 2. 
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literally means 'reinforcement' while in Arabic linguistic 
terminoloqv it means more or less the same as 'gemination'. " 
[p. 196]. 1 
In explaining his own views of the phenomenon of 
gemination and its phonological status, Rahim (op. cit. ) 
seems to follow closely Erwin's (1963,1969) interpretations 
of the same phonetic feature. Phonetically, he considers 
gemination in I. C. Arabic simply as the lengthening of single 
consonants so as to yield geminate consonants. He shares 
Erwins views in that when plosive and affricate consonants 
occur geminated, "the closure is maintained longer before 
the release stage of the corresponding 'single' stops. " 
[pp. 203-204]. 2 On the other hand, when fricative consonants 
occur geminated, the friction noise is prolonged slightly 
more than the corresponding single fricatives. The nasals 
and laterals are said to behave similarly, and with a geminate 
flap the tapping of the tongue blade is made to recur several 
times. 
Rahim agrees with previous views on gemination, 
especially those reported by Cantineau (op. cit. ) and Erwin 
(op. cit. ) in that gemination occurs where a consonant cluster 
is likely to occur. He assumes that consonant clusters in 
I. C. Arabic may occur word-initially, word-medially and, less 
frequently, word-finally. These can be shown in the examples 
below, respectively: 
1. Underlining mine. 
2. Rahim (op. cit. ) uses the term 'stop consonants' to 
represent both affricates and plosives. 
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/snuun/ 'teeth' 
/hafla/ 'party' 
/f arq/ 'east' 
Consequently, gemination in I. C. Arabic is likely to occur 
in identical word positions. 
On the other hand, in discussing the phonological 
status of gemination occurring in different word positions 
in I. C. 
Arabic, 
Rahim (op. cit. ) states that both in word- 
initial and word-medial positions, gemination functions 
distinctively as there exist in I. C. Arabic plenty of minimal 
pairs which are merely based on the distinction between 
geminate and non-geminate consonants. He also mentions the 
possibility of having gemination in word-initial position 
as a consequence of assimilation between the definite article 
and an ensuing consonant. While all consonants in I. C. Arabic 
can occur geminated in word-medial position, only some of 
them are reported to occur in word-initial position. This 
essentially depends on the type of consonant occurring in 
this position and on whether it is liable to assimilate with 
the preceding definite article. 
Rahim (op. cit. ) claims that gemination in word-final 
position can, in very rare cases, function distinctively. 
Unlike that in word-initial and word-medial positions, gemina- 
tion occurring in word-final position is "not straightforward", 
and it is regarded as non-distinctive since it is only a 
"phonetic lengthening" of I. C. Arabic consonants. In this 
respect, Rahim gives more details when he states that "This 
is so only in those SIA words where one of the respective 
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identical consonants is commutable with other SIA consonants 
so as to produce words that belong to CA but which are 
retained in the speech of most educated speakers of SIA. 
Such words would always be monosyllables with a short 
vowel. " [p. 207]. 
1 
He, then, briefly concludes that gemina- 
tion in word-final position affects most I. C. Arabic consonants 
distinctively in very few cases and non-distinctively in most 
cases. 
1.6.2 Experimental Studies 
In 1957, Mitchell made an experimental study of 
gemination in two dialects; the Bedouin Arabic of the 
Cyrenaican Jebel and the Berber of Zuara. Two instrumental 
techniques have been exploited in this study; the palatograph 
and the kymograph. The term 'length' is equated both with 
the phonological term 'quantity' as well as with the phonetic 
term 'duration'. 
In Cyrenaican Arabic, Mitchell (ibid. ) investigates 
the article-noun forms of a number of different patterns, 
forms of the verb, forms with third person pronominal suffixes, 
and consonant-length and vowel-length. He sets up a 
'commutation system' of three prosodies: geminate cluster (gc), 
non-geminate cluster (c), and non-cluster (c). Sub-systems, 
each of two commutable terms, are established for the last 
two prosodies, namely non-geminate cluster (gc) and non-cluster 
(c). The categories set up are totally phonological and are 
never established on purely phonetic grounds. 
1. SIA stands for 'Spoken Iraqi Arabic' and CA for 'Classical Arabic'. 
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Mitchell (op. cit. ) remarks that each verb form in 
Cyrenaican Arabic is characterized by a given affix as well 
as by "an associated scatter of cognate forms (verbal noun 
and participles). " [p. 186]. Examples such as /ka'sar/ 'he 
broke' versus /'kassar/ 'he smashed', /ga'sam/ 'he divided 
(in two)' versus /'gassam/ 'he divided up', and /Ea"dam/ 'he 
executed' versus /'Saddam/ 'he destroyed' exhibit the follow- 
ing relevant phonetic features: 
(i) length of the medial consonant 
(ii) tensity of the medial consonant 
(iii) stress-incidence 
(iv) quality of the penulatimate vowel 
These features clearly denote that non-geminate medial 
consonants are always associated with pre-stressed position; 
while, on the other hand, the geminates are always associated 
with post-stressed position and open vowel quality in the 
penultimate syllable. He regards these features as "co- 
exponents respectively of non-cluster and geminate cluster 
considered as commutable prosodic categories. " Cloc. cit. J. 
Mitchell (op. cit. ) considers the palatograms and 
kymograms obtained from investigating the Berber dialect of 
Zuara of general interest. They not only show "the impossi- 
bility of defining the prosodic categories of cluster, both 
geminate and non-geminate, and non-cluster a priori on the 
basis of length of articulation and/or any other phonetic 
feature, but also provide some additional justification for 
a prosodic approach which perceptual observation suggests. " 
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[p. 193]. He finally summarizes the aspects of the prosodic 
view of gemination and concludes that what may be called 
relative phonetic length may often be included among the 
exponent of gemination, and it is impossible to reverse the 
procedure and consider phonetic length as the criterion for 
the category. 
Obrecht (1965) conducted three experiments in which 
synthetic stimuli are employed to investigate duration as a 
cue factor in the discrimination of single versus geminate 
consonants in Arabic. Contrasts in three phonetic categories, 
viz. 'stops' [b] versus [bb], 'nasals' [n] versus [nn], and 
'spirants' [s] versus Cs], are involved in this study. Both 
the stop and the nasal contrasts are used in word-medial 
position; whereas the spiiant contrast is found in word-initial 
position. Native speakers of Arabic, from different Arab 
countries, participate as subjects in this investigation. 
Spectrographic observations are made of the selected word 
pairs, and from these a number of variations of each are 
synthesized by using the well-known 'Pattern-Playback' at 
the Haskins Laboratories. 
In order to locate the perceptual boundary between 
[b] and Ebb], a series of seven stimuli were synthesized 
"which varied only in the duration of the silent period 
representing the duration of stop closure. " [p. 32]. The words 
studied are /xabar/ 'news' and /xabbar/ 'he informed' with 
primary stress on their first syllables. At the same time, 
the minimal pair /bana/ 'he built' and /banna/ 'mason' are 
chosen for another experiment designed for the purpose of 
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locating the perceptual boundary between intervocalic [n] 
and [nn], respectively. 
In the case of designing a discrimination test to 
investigate the perceptual boundary between single and 
geminate spirant consonants, Obrecht (op. cit. ) uses the 
minimal pair /sabij/ 'boy' and /ssabij/ 'the boy' as the 
experimental frame. He finds this pair representing an 
interesting grammatical contrast besides its contrast on 
the phonological level as single versus geminate. He states 
that-"this particular pair is apparently found only in the 
Arabic of the eastern Mediterranean area. " Cp. 373. 
The: final results of the three-experiments show that 
the values-found for the perceptual boundaries are of interest. 
Summarizing, Obrecht (op. cit. ) reports that the theoretical 
boundary point, or the point of maximal confusion, appeared 
in the three experiments are as follows: 
(a) For the stops, [b] versus [bb], 140-160 msec; 
(b) For the nasals, Cn] versus Cnn], 90-110 msec; 
(c) For the spirants, [s] versus Cq$], 140-160 msec. 
The results also indicate that clear identification boundaries 
are found between the contrasts in the three phonetic classes 
which give an indication of the degree of exclusivity of 
duration as the determining cue factor in distinguishing 
between a single and a geminate consonant in Arabic. The 
results also show that "the structural status of gemination 
influences decisively the sharpness of discrimination. " Cp. 31]. 
In 1966, Al-Ani started an acoustical and physiological 
investigation of the phonology of Arabic. This work was later 
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published in a book in 1970. The acoustical aspect of the 
investigation was mainly based on spectrographic analysis; 
while the physiological aspect depended heavily on examina- 
tion of X-ray films. 
Al-Ani (1970) states that "The relative duration of 
the consonants depends upon whether they occur initially, 
medially or finally. " [p. 75]. He adds that consonant duration 
also depends on whether the consonants are aspirated or non- 
aspirated, voiced or voiceless, and single or geminated. 
According to him gemination involves prolongation of the 
'continuants' and a longer closure of 'stops'. Here he 
follows Blanc's definition of, the phenomenon. of gemination 
reported in his work of 1952. Geminated consonants and long 
consonants are regarded as being synonymous and treated as 
identical clusters. 
Al-Ani (op. cit. ) believes that every consonant cluster, 
whether-its components are identical or non-identical, involves 
"a close transition which means that the first member of the 
cluster - always occurring as a coda - is not released until 
the second member - always occurring as an onset - is uttered. " 
[p. 77]. In as far as the syllable boundary in Arabic is 
concerned, he states that the first member of a consonant 
cluster occurs as the coda, i. e. offset, of the preceding 
syllable, and the second member always occurs as an onset of 
the following syllable. He agrees with other scholars that 
geminate consonants contrast with their corresponding single 
consonants. Only four words arranged in two minimal pairs 
have been reported to show this contrast. The words are: 
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/qatala/ 'he killed' 
/qattala/ 'he slaughtered' 
/kasara/ 'be broke' 
/kassara/ 'he destroyed' 
Following his previous studies of Arabic phonology, 
Al-Ani (1967) examined the acoustical and physiological 
properties of the Arabic pharyngeal consonant Cc]. The 
examination was largely dependent on the speech of male 
informants who were native speakers of Iraqi Arabic. The 
consonant CO was studied acoustically by means of spectro- 
grams and. was examined physiologically with the help of X-ray 
sound films. 
Spectrograms containing word-medial Cý] were compared 
with those containing word-medial Ch] and word-medial C']. 
Al-Ani (ibid. ) notes that "The characteristics of the medial 
[Cl are determined by their environment and whether the CC] 
is geminated or single. " Cp. 89]. It has been found that when 
CE]is. geminated, it is always a voiceless stop appearing as 
a silent gap, with relative duration approximately from 300- 
330 msec. On the other hand, word-medial geminated Ch] is 
considered as a voiceless fricative appearing as noise with 
higher frequencies than those of word-medial geminated Eel. 
The contrast between these two consonants occurring inter- 
vocalically led the researcher to conclude that "there is a 
difference between the medial geminated C&] and the medial 
geminated [h] - the contrast being not so much that one is 
voiced and the other voiceless but that one is a stop and the 
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other is a fricative. " [p. 90]. 
Spectrographic analysis also shows that word-medial 
geminated [&I appears to be similar to word-medial geminated 
[? ], except for the neighbouring vowel formants where F2 is 
lower when the vowel is next to CE] than when it is next to 
[? ]. This is often the case with short vowel [a] and its 
long-counterpart [aal. 
Odisho (1973) produced a very stimulating study of 
the 'mufaxxama' consonants in Baghdadi Arabic. He follows 
Abercrombie (1967) in distinguishing between the two terms 
'consonant cluster' and 'abutting consonants'. The first is 
used to denote a sequence of more than-one consonant which 
is restricted to one syllable; whereas the second is defined 
as a sequence of consonants that spreads over two syllables. 
Elsewhere, Odisho (1975) draws our attention to the fact that 
"any confusion between consonant clusters and abutting conso- 
nants, for instance treating them as being structurally and 
phonologically identical, will lead to a drastic difference 
in the phonological description of a given language. The 
difference will be reflected mainly in the size of the permis- 
sible clusters as well as in the structural places where they 
are permitted. " [p. 108]. 
Odisho (1973) rejects Erwin's statement (1963) saying 
that Iraqi Arabic allows a consonant cluster comprising more 
than two consonants in word-medial position. He claims that 
Erwin "does not differentiate between a consonant cluster and 
abutting consonants. " [p. 145]. He states that Arabic, no 
matter whether it is classical or dialectal, does not allow the 
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existence of consonant clusters of any kind in word-medial 
position. What we really have is abutting consonants and 
not consonant cluster since the first member of the cluster 
belongs to one syllable and the second member to the other. 
Consequently, Odisho (op. cit. ) suggests that cases of geminate 
consonant clusters do not occur word-medially in Baghdadi 
Arabic. They only occur word-initially as a result of the 
process of assimilation between the definite article and 
the consonant initiating the following word. These examples 
have been presented: 
/? al +eaalie/' 'the third' becomes /99aaliO/ 
/? al + raabi / 'the fourth' becomes - /rraabiF/ 
Odisho (op. cit. ) does not mention the possibility 
of having geminate consonant clusters in-word-final position 
in Iraqi Arabic. However, some geminate consonants used 
word-finally have been reported under words having the 
syllabic structure of either (CVCC) or (CCVCC) where the 
final CC-element frequently forms a geminate consonant, as 
in /farr/ 'he fled' and /sfarr/ 'it became yellow', respect- 
ively. ' His failure to recognize word-final geminates is 
probably due to the fact that he does not consider word-final 
CC-element, where the (-CC) represent identical consonants, 
as a geminate consonant cluster in Baghdadi dialect. 
Quite recently, Hassan (1981) has experimentally 
studied vowel duration in Iraqi spoken Arabic. The study 
aims at investigating some acoustic, articulatory and aero- 
1. More examples can be consulted in Odisho, 1973, p. 147. 
-77- 
dynamic correlates of vowel duration, and at answering 
whether or not one can regard the factors governing the 
systematic variations of vowel duration as phonetic-universal 
or language-specific phenomena. The influence of inter- 
vocalic geminate consonants on vowel duration has been first 
acoustically examined. A table of two sections, containing 
items with word-medial plosives and/or fricatives, has been 
presented. (See, Hassan, op. cit., p. 245). The first section 
tackles the influence of voiced and voiceless plosives as 
well as voiceless emphatic plosives on the preceding vowel 
duration in the following cases: 
(a) when the vowel is in a stressed syllable, as in 
/'fatih/ 'opening' versus /'fattih/ 'cause to open'; 
(b). when the vowel is in an unstressed syllable, as in 
/fa'taat/ 'a girl' versus /fat'taat/ 'person or 
instrument that breaks up solid things into fragments'. 
The second section, on the other hand, tackles the influence 
of intervocalic fricatives on the preceding vowel duration. 
Unlike section one, this section merely includes voiceless' 
fricatives and only one pair of contrasting words has been 
reported, namely /'balar/ 'human beings' versus /'baff ar/ 
'gave good news'. The acoustic duration values of vowel [a] 
in the first syllables of the above words are shown to be 
always longer when this vowel occurs before a single consonant 
than before a corresponding geminate one. The differences 
are said to be statistically 'very significant'. For instance, 
the average acoustic duration of vowel Ca] in the word 
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/'fatih/ is 60 ursec; while it is only 50 msec in /'fattih/. 
In the case of fricatives, [a] has the average value of 80 
msec in /'baf ar/ and 65 msec in /'balf ar/. 
Hassan (op. cit. ) remarks that, no matter whether a 
geminate consonant in Iraqi Arabic is considered as a combina- 
tion of two identical consonants or one long consonant, his 
final results are found to be in agreement with those results 
reported by Delattre (1962) in that "a vowel is shorter before 
a consonant cluster or a geminate consonant than before a 
single consonant. " [p. 246]. He adds that his data bear testi- 
mony to the fact reported by other researchers (e. g. 
Nooteboom and Slis, 1972; Thananjayarajansingham, 1976) that 
long consonants are usually preceded by shorter vowels. At 
the same time, his examination of the articulatory and 
aerodynamic correlates of vowel duration shows that the vowel 
preceding word-medial geminate Ett] in /fat'taat/ has a 
shorter articulatory duration and a shorter duration of 
vocal folds adduction; whereas the vowel preceding the non- 
geminate counterpart [t] in /fa'taat/ has a longer articula- 
tory duration and a longer duration of vocal folds adduction. 
The geminate [tt] is also characterized by having higher 
intraoral pressure and longer duration of articulatory 
occlusion. Conversely, the non-geminate [t] is characterized 
by having lower intraoral pressure and shorter duration of 
articulatory occlusion. Moreover, the examination shows 
that both the first syllable and the word overall articulatory 
timings are very significantly longer for /fat'taat/ than 
for /fa'taat/. 
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With regard to the articulatory and aerodynamic 
measurements in words containing medial geminates versus 
corresponding words with non-geminates are concerned, 
Hassan (op. cit. ) only depends on one minimal pair of words, 
viz. /fat'taat/ versus /fa'taat/. It is obvious that the 
first word of the pair contains a geminate plosive, and the 
other contains its single cognate. Neither fricatives nor' 
voiceless emphatic plosives are investigated here. It 
would be a good idea if the researcher extended his investi- 
gation to include the same stimulus items reported in his 
acoustic investigation to show the effect exerted by inter- 
vocalic geminates on vowel duration while studyingthe 
articulatory and aerodynamic correlates of vowel duration 
preceding geminate and non-geminate consonants as well. 
This will, most certainly, allow the reader to compare 
instantaneously the acoustic influence as well as the 
articulatory and aerodynamic influences of word-medial 
geminates on preceding vowel duration of the same word. At 
the same time, Hassan (op. cit. ) seems unaware of the fact 
that the syllabic structure of the word /fat'taat/ is of the 
pattern (CVC + CVVC), and that of /fa'taat/ is (CV + CVVC). 
Phonologically speaking, he considers the syllabic structure 
of the first word as if it were of the pattern (CVCC + VVC) 
and that of the second as if it were (CVC + VVC). This is, 
of course, not permissible in Arabic at all because a syllable 
in Arabic must always begin with a consonant sound. 
While discussing the 'myodynamic timings' and 'myo- 
dynamic durations' of the first syllable in both words, Hassan 
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(op. cit. ) talks about the occlusion onset and occlusion off- 
set of the final plosive of the first syllable. 
1 The average 
value of the myodynamic duration of the final plosive 
occlusion of the first syllable is reported to be 140 msec 
for /fat'taat/ and 55 msec for /fa'taat/. Values of peak Po 
and the acoustic duration of the same final consonantal 
segment are measured similarly. However, unlike results 
reported in previous studies (e. g. Stetson, 1951), Hassan 
concludes that his studied data show that "neither from the 
acoustic nor from the myodynamic and aerodynamic points of 
view is there any. indication' that gemination involves a 
rearticulation of the same consonant, -" [p. 396]. He adds that 
they show steady and uninterrupted traces for the occlusion 
time of the geminate plosives. These findings are found to 
be compatible with those reported by other scholars (e. g. 
Blanc, 1952; Nasr, 1960; Al-Ani and May, 1973) in that a 
geminate in Arabic is articulated as one long indissoluble 
consonant. 
1. Underlining mine. 
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CHAPTER TWO 
GENERAL SURVEY OF PREVIOUS STUDIES ON GEMINATION 
AND PRODUCTION OF LONG VERSUS SHORT 
CONSONANT DIFFERENCES 
2.1 Introduction 
Duration is probably one of the most extensively 
investigated features of speech sounds, and it is perhaps 
one of the phenomena in phonetics in which researchers 
have been most frequently interested. Studies of a number 
of different languages have shown that just as vowels can 
be long, when compared with other vowels occurring in the 
same phonetic context, so consonants can be long. 
The question of whether there is any phonetic 
difference between long consonants and geminate consonants 
has been debated for years. 
' Scholars seem to hold different 
opinions in this respect. It is the purpose of this Chapter 
to define the term-'gemination' and review previous related 
studies, whether theoretical or experimental, and expose 
their main views on the phenomenon of gemination. Our 
examples will be mainly restricted to languages other than 
1. Distinction should be made between the two words 'geminate' 
and 'triple'. Both words are of Latin origin; the former 
means 'twin' or 'binate' and the latter stands for something 
'having three parts'. Therefore, it is not appropriate to 
equate the term 'geminate' (see section 2.2 and footnote I. 
below) with the term 'triple' or 'triplicate' since 'geminate' 
stands for a doubled consonant; whereas 'triple' or 'triplicate' 
implies three consonants, as in Estonian (for specimen, see 
Principles of the IPA). In consequence, one can use the term 
'gemination' in parallel with the term 'triplication', where 
the first stands for the doubling of a consonant and the 
second for the tripling of a consonant. 
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Arabic, for the latter has been thoroughly dealt with in 
the first chapter of the present study. Nevertheless, 
Arabic will be referred to in cases where it is compared 
with some other languages. 
2.2 Long, Double and Geminate Consonants - Phonological 
and Phonetic Interpretations 
The term 'gemination' is usually defined' in terms 
of sequences of two identical-articulations and a prolonga-- 
ticn of the articulatory posture (Stetson, 1951; Jones, 1956, 
1960; Hall, 1964; Gimson, 1970; Kenstowicz and Pyle, 1973; 
O'Connor, 1973; Catford, 1977). It is quite evident that 
this definition embraces long as well as geminate consonants. 
This is why for some scholars the two terms 'long' and 
'geminate' are equated. Robins (1964), for instance, states 
that "consonants can be long, or geminate, when the closure 
or obstruction is held momentarily before release. " [p. 80] 
Examples have been given from English in words such as night- 
time and solely, as well as from Italian where consonant 
gemination distinguishes words such as fato 'fate' and 
fatto 'fact'. 
By many other scholars, however, long consonants 
and geminate consonants are differentiated on the grounds 
1. The word 'geminate' is lexically defined as "a doubled 
consonant", and the noun 'gemination' as "the doubling of 
an originally single conson ant" or "the doubling of a letter 
in the orthography". (The Oxford English Dictionary, 1933, 
vol. 4, p. 98). Linguistically the term 'geminate' is defined 
as "a sequence of identical adjacent segments of a sound in 
a single morpheme". (Crystal, 1980, p. 158). The phenomenon 
of 'gemination' is simply defined as "doubling or prolonging, 
especially of consonant sounds". (Pei, 1966, p. 102). Also 
see Pei and Gaynor, 1954, p. 81. 
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that geminates are characterized by having their articula- 
tion extending over two syllables. Hence, the term 'double 
consonants' is often used to mean 'geminate consonants'. 
Abercrombie (1967) refers to this fact and remarks that 
"double consonants also must be distinguished from long 
consonants. A double consonant is one whose duration extends 
over two syllables, whereas the duration of a long consonant 
is confined to a single syllable. " [p. 82). In regard to 
English, double consonants are frequently found at word 
junctions, as in wholly, unknown, book-case, etc. 
Other scholars go even further to make a distinction 
between geminate-sequences and geminates proper, i. e. true 
geminates. For instance, according to Catford (öp. cit) 
the term geminate is applied only to those cases where the 
sequence occurs within one and the same morpheme. 
1 Italian 
is one of the best known languages in which geminates, in 
this sense, are very common, as in the two Italian words 
quello and notte. Mortimer (1977) comments on that. He 
says that if we accept this definition, English geminate 
sequences "would not be classified as geminates, since they 
occur only across word boundaries or in words such as unknown 
or guileless, containing two morphemes. " [p. 2]. He, therefore, 
suggests that in his study consonantal sequences such as 
occur in nice cider, cool lager and black coffee will be 
termed 'geminate consonants'. He considers the term 'double 
consonant' as synonymous with the term 'geminate consonant' 
only when he refers to sources who prefer it. 
1. Underlining mine. 
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Catford (op. cit. ) draws our attention to the fact 
that the term 'geminate' has been commonly used in place of 
what he calls the 'strong' or 'tense' consonants existing 
in east Caucasian languages. In these languages when strong 
and long consonants occur between vowels they may be divided 
between two syllables, and so they are regarded as geminate 
in the sense discussed by Catford. However, when these 
consonants occur word-initially, and hence entirely within 
one-and the same syllable, "the-geminates are merely long, 
and, in most east Caucasian languages, unaspirated, as opposed 
to the short and aspirated 'non-geminates'. " [p. 2111 
Lehiste (1970) considers. long consonants as geminate 
consonants and assumes that in Finnish, for example, inter- 
vocalic consonants are regarded as true geminates and normally 
contain a syllable boundary. She remarks that "if a 
language has consonant clusters that function in the same 
manner as long consonants, it may be useful to analyse these 
long consonants as clusters of identical consonants regard- 
less of whether it is possible to demonstrate, phonetically, 
their geminate nature.: ' [p. 44] Again, reference is made 
to Finnish in which short and long consonants contrast in 
every position except word-initial and word-final where no 
clusters in native words occur in these positions. Neverthe- 
less, long consonants continue to be treated as clusters 
because of being phonetically analogous. 
Lehiste (ibid. ) contends that the treatment of 
long sounds as clusters of two identical sounds "presupposes 
a two-way quantity opposition. " [p. 45]. She refers to the 
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existence of some languages in which more than two contras- 
tive durations can be observed. Estonian, for instance, is 
characterized by having over long sounds which are, in 
accordance with the principles of the I. P. A., written with 
three phonetic symbols. The representation of using three 
phonetic symbols to transcribe such sounds "implies an 
analysis of overlong sounds as clusters of three identical 
sounds. " [p. 46] Scholars seem to be in disagreement as to 
the question of whether Estonian has two or three vowel and 
consonant distinctive qualities. 
1 
The appropriateness of treating long sounds as clusters 
of two identical sounds in. many languages. is widely accepted 
by a number of linguists (Swadesh, 1937; Gleason, 1955; 
Hockett, 1955; Hall, 1964; Rodon, 1967). Gleason (ibid. ) 
believes that long consonants, in terms of their occurrence, 
have the same restrictions as do clusters of two consonants. 
This is to say, clusters of two consonants occur commonly 
only after short vowels, no clusters of three or more 
consonants, and no clusters of a long consonant and any other 
consonant. According to Hall (ibid., p. 99) long consonants 
are usually to be interpreted as geminate consonants. They 
involve a two-consonant cluster consisting of the consonant 
followed by itself. Examples, in the form of minimal pairs, 
are quoted from Italian in which contrast between short and 
long consonants is shown to be significant, as in carro 'cart' 
versus caro 'dear'. 
In his definition of long consonants, Swadesh (ibid. ) 
includes "any consonantal sound involving the maintenance 
1. More details can be referred to in Lehiste, op. cit., p. 46, 
and also in Jones, 1967, pp. 119-121 and pp. 132-133. 
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of essentially the same articulatory position and mechanism 
for a relatively protracted time, being long by reference 
to other sounds in the same language. " [p. 21. For him long 
consonants have different phonemic status in different 
phonetic totalities. 
1 Within his classification of 'phonetic 
types', Swadesh talks about 'sequences of like phonemes' 
in which he includes geminate clusters as sequences of 
identical phonemes. He also talks about sequences of homor- 
ganic, but not identical, clusters. He considers long 
consonants as geminate clusters, and examples have been quoted 
from English. For example, long 'ambisyllabic' consonants 
are found at. the juncture of two words, e. g. shoot tigers, or 
of a word and certain proclitics and enclitics, e. g. unknown, 
saneness; but never within the word proper. The examples of 
long consonants are in contrast with two phonetically different 
kinds of short consonants occurring in the same positions, 
e. g. shoot elephants, and see tigers. The first example 
exhibits word-final consonant followed by vowel of the follow- 
ing word; while the second exhibits word-initial consonant 
preceded by final vowel of the preceding word. Phonetically 
speaking, Swadesh regards the long consonants to be essentially 
like a word-final consonant followed by a word-initial 
consonant. He states that "the conditions of the particular 
phenomenon and of the phonetics as a whole are met, if we 
interpret the long consonants as clusters of two identical 
consonants, in every other respect comparable to non-geminate 
clusters in the same position, e. g. - kt- in (cook tigers). " 
[pp. 4-5]. 
1. The meaning of the term 'totalities' is explained by 
Swadesh, op. cit., p. 1, fn. 2. 
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Swadesh (op. cit. ) points to the fact that ambi- 
syllabic long consonants in the juncture of syllables within 
the word occur in Finnish, e. g. europpa 'Europe'. These 
ambisyllabic consonants which are conceived as geminate 
clusters "come within regular classes of clusters (e. g. stop + 
stop, nasal + nasal). " [p. 5]. He comments that the pronuncia- 
ticn is primarily the same as that of other clusters, and this 
may be regarded as a further indication to interpret that the 
ambisyllabic long consonants are geminate clusters. However, 
he adds that geminate clusters pronounced as long consonants 
are not necessarily word-medial and ambisyllabic. Illustrat- 
ing examples have been given from Hungarian and what he called 
'modern Arabic' in which long consonants contrasting with 
short ones and comparable to other consonant clusters are 
shown to occur at the end of words, as in the two Hungarian 
words: jobb 'better' versus 7, eb 'pocket'. In Italian, on the 
other hand, long consonants which are conceived as geminate 
clusters "involve types of clusters which do not occur other- 
wise. ' [p. 6]. Ambisyllabic long consonants occur either 
between vowels or between a vowel and a liquid, e. g. mattina 
'morning' versus matita 'pencil', and spettro 'spectre' versus 
teatro 'theatre'. 
Swadesh (op. cit. ) also presents examples from English 
which are compared to others from Italian in which long 
consonants might be non-geminate clusters. For instance, the 
combination of English -d d3- in good job is pronounced "either 
with a characteristic d closure followed by a shift of 
articulating position to the d3 position, or with a single 
long closure in the d3 position. " Cp. 7]. In these two 
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pronunciations, the latter seems to be similar to that found 
in the Italian word /3d3d3i/ 'today'. He argues that the 
English pattern differs from that of the Italian in a number 
of ways: "Firstly, there is a considerable amount of accommo- 
dation of phonemes to surrounding ones in English; ad 
pronounced in the position before a gj in English is quite 
in keeping with the normal tendency. Secondly, English 
clusters are not limited in the way that clusters are limited 
in Italian. Finally, -d d3- in English contrasts with the 
doubly released cluster in nad3 d3an (nudge John); the latter 
cluster is clearly -d3 d3- and so the former can be only -d d3-. " 
Cpp. 7-8J. 
Other examples have been also reported from other 
different languages, such as Muskogee, Sanskrit and Shawnee. 
Jones (1967) does not use the term 'gemination' or 
'geminate' sounds. He distinguishes between sounds character- 
ized with 'true' or 'indivisible' length and others which are 
merely 'doubling' or 'repetitions' of sounds. He thinks that 
it is often-'difficult to perceive the acoustic difference 
between a 'long' sound and a 'doubled' sound. By 'true' or 
'indivisible' length is meant a long duration "which is not 
felt by the speaker as a repetition of a sound, and which 
cannot be replaced by doubling. " Cp. 1151. While the distinc- 
tion between single and double sounds "is always potentially 
significant", the distinction between short sounds and sounds 
enunciated with true length is not necessarily significant. 
For instance, the difference between doubled vowels and single 
long vowels "may often be inappropriate to the ear, and may 
be even objectively non-existent to listeners, yet the 
difference would seem to be in most cases subjectively 
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perceptible to the speaker. " [p. 116]. 
Jones presents examples from French and German 
to show that long vowels which are subjectively double may 
always be pronounced double; whereas with true long vowels 
a pronunciation with double sounds is not a possible alter- 
native. Therefore, it is not possible to pronounce the 
French /mr,: tr/ 'maitre' as Cmc-Ctrl or the German /ba: n/ 
'Bahn' as Cba-an]. He remarks that by reference to the 
structure of the: language, the speaker can decide whether 
a vowel heard as long is to be considered double. He adds 
that the distinction between lengthening and doubling is not 
only difficult to perceive in the case of vowels, it is even 
still more difficult in the case-of consonants. For him the 
difference between a long consonant and a doubled one is not 
significant. 
From a practical point of view, Jones (op. cit. ) 
suggests that it is feasible to consider "all intervocalic 
long consonants as double, on the ground that it is usually 
possible in precise speech to separate them into two by a 
diminution of force in the middle, attaching the first part 
to the first syllable and the second part to the second 
syllable. " [p. 1163. To put this suggestion into real practice, 
Jones says that in English, for example, long consonants are 
divisible when they occur in compound words and in words 
formed with either prefixes or suffixes, e. g. book-case, 
pen-knife, oneness, genuineness, solely, etc. He finds it 
practically preferable to treat long consonants occurring 
intervocalically, and which are not affected by derivative 
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rules such as that in Arabic, 
1 
as double consonants rather 
than as long ones. Initial long consonants are regarded as 
double "whenever there is reason to consider the first part 
as a prefix or as an element of a compound. " [p. 117]. Final 
long consonants are also regarded as double in all cases 
"where there is reason to think that the native speaker feels 
them to be double, and more particularly when the latter part 
can be regarded as syllabic. " [p. 118]. Examples are 
illustrated from languages other than English, since in the 
latter neither initial long consonants nor final long ones 
do occur in the way they are here discussed. 
.z 
Phonetically, in English- long final consonants 
preceded by short vowels, e. g. hill, pen, are never pronounced 
double. Jones (op. cit. ) considers such consonants as merely 
long. He comes to the final conclusion that the two terms 
'long' and 'length' are used only to refer to sounds which 
have 'true' or 'indivisible' length, and that any lengths 
which can be regarded as doubling or repetition do not come 
within the range of this definition. 
Pike (1947) seems to be terminologically at variance 
with the above views. In his reference to the stressed 
geminate vowel sounds in Hungarian, he does not appear to use 
the term 'geminate' in his own exposition. Pike uses the 
term 'double stops' in the same sense as the term 'double 
articulation' used by other scholars. He states that "For 
certain sounds, the Double stops, there are two closures in 
the mouth in addition to the velic closure in the nasal 
1. As an example, Jones (op. cit. ) gives the word /dikka: n/ 'shop', the plural of which is /daka: ki: n/ 'shops', p. 117. 
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passageway. One of the oral closures may be at the lips and 
the other at the velum. "Cp. 34]. On the other hand, Pike 
(cp: cit. ) makes extensive use of the term 'long consonant', 
which comprehends 'the long voiceless stop' whose first part 
tends to serve as an arresting element for the preceding 
syllable; whereas the second part serves as a releasing 
element to the following syllable. 
Ladefoged (1975), too, presents geminate consonants 
as a class of long consonants. He describes long consonants 
(or vowels) which can be analyzed as double consonants (or 
vowels) as geminates. For him the Italian geminate consonants 
in words such as nonno 'grandfather' versus nono 'ninth' and 
folla 'crowd' versus fola 'fable' are the contrasts between 
English consonants in white tie, why tie and white eye. 
Ladefoged (ibid. ) remarks that the difference between 
the geminates in the two languages is that "in Italian a long 
consonant can occur within a single morpheme ... But in 
English, geminate consonants can occur only across word 
boundaries, as in the previous examples, or in a word contain- 
ing two morphemes, such as unknown or guileless. " [p. 223) 
Trubetzkoy (1969), Martinet (1964) and Cantineau (1960) 
discuss the concept of gemination from a functional point of 
view. Trubetzkoy himself uses the term 'geminate (or geminated) 
consonants' which he believes occurs in many languages. 
According to him geminate consonants are distinguished from 
simple or non-geminated consonants by a longer duration, and 
in most cases also "by a more energetic articulation that is 
reminiscent of the correlation of intensity. " [p. 161]. Just 
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like other scholars (e. g. Pike, op. cit. ), Trubetzkoy states 
that geminate consonants, occurring intervocalically, are 
distributed over two syllables with their first part, i. e. 
onglide, being grouped with the preceding syllable and their 
second part, i. e. off-glide, being grouped with the following 
syllable. He proposes that intervocalic geminates have 
similar effects to those of consonant clusters on their 
environment. Trubetzkoy concludes that "All these features 
point to a polyphonematic interpretation, that is, they call 
for an interpretation of 'geminated' consonants: (or 'geminates') 
as a combination of two identical consonants. " [loc. cit. ] 
Martinet (op. cit. ) and Cantineau (op. cit. ) seem to 
share Trubetzkoy's views on gemination. Martinet, as cited 
by Rahim (1980), talks about vowel and consonant duration. 
He notes that the term gemination can be just 'a realization' 
of simple consonants in certain phonetic contexts. Cantineau, 
on the other hand, distinguishes between 'long consonants' 
and 'geminate consonants'. He describes geminate consonants 
as "those consonants which are characterized by a prolonged 
articulation and which are generally transcribed by doubling 
the consonant symbol. " (Rahim, ibid., p. 200). For him long 
consonants are only long realizations of simple consonants; 
while geminate consonants are groups of two identical consonants, 
Following Trubetzkoy and other scholars, Cantineau (op. cit. ) 
states that when geminate consonants occur intervocalically 
within a word, the first of the two identical consonants 
arrests the preceding syllable and the second consonant 
releases the following syllable. 
-93- 
Kenstowicz and Pyle (1973) define a geminate cluster 
as "a sequence of identical consonants or vowels. " [p. 27]. 
Their study includes a number of different languages, and 
examples have been quoted from Sierra Miwok (an Amerindian 
language of California) to consider the alternations between 
present and past tense stems of three types of verbs where 
the contrast between single and long consonants exists. Long 
consonants are represented as sequences of identical segments 
and not as single-segments marked plus long. Two rules have 
been suggested. The first shows vowel shortening before 
consonant clusters and long consonants; whereas the second 
treats long consonants like clusters in the stress rule. 
Kenstowicz and Pyle believe that long consonants behave like 
consonant clusters; a fact that "can be explained quite 
naturally if they are represented as geminate clusters. " [p. 28] 
2.3 Studies on Gemination and Long Versus Short Consonant 
Differences 
In this section we shall discuss previous works that 
have dealt with the concept of gemination and other related 
phenomena in languages other than Arabic. Though much atten- 
tion will be devoted to experimental works, yet some related 
theoretical, i. e. phonological, works will also be referred 
to. Most of the relevant theoretical works have been discussed 
in the previous section of this chapter. The review will be 
presented, as far as possible, in chronological order. 
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Sievers, Rousselot and Josselyn 
It was mentioned earlier that the question of 
whether there is any phonetic difference between long 
consonants and geminate consonants has been debated for some 
years. Two different views have been prevailing. One view 
claims that geminate consonants differ from long consonants 
in that the pronunciation of the former entails two phases. 
The first phase constitutes a syllable final occurrence of 
the consonant; while the second phase, which is rather the 
rearticulated phase, commences the following syllable and 
thus "constitutes a syllable-initial occurrence of the 
consonant. " (Lehiste et al., 1973, p. 131). The other view 
treats geminate consonants and long consonants as the same 
and denies the existence of the two phases. 
The first view, viz. the two-phase theory, was 
first introduced by Sievers (1876) who notes that a double 
consonant is different from a single prolonged consonant. 
He points out that when implosion-explosion occur within 
such a double consonant, there is discontinuity of expiration 
and that the syllable division takes place between the doublets. 
(Stetson, 1951, p. 60). Sievers bases his suggestions on 
auditory and kinesthetic perception. 
Soon afterwards, Siever's claims were subjected to 
intensive experimental investigations. For instance, 
Rousselot's investigation (1891), as cited by Lehiste et al. 
(ibid. ), was primarily dependent on extensive use of the 
kymograph. Using the Gallo-Roman dialect of Cellefroum in 
his study, Rousselot finds no double articulation of long 
consonants in that dialect. The results show that the long 
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consonants of that dialect appear about twice as long and 
twice as intense as the corresponding short consonants. 
His analysis fails to distinguish between the double, i. e. 
geminate, and the single consonants. The conclusion he 
reaches is that when a consonant is prolonged it becomes 
double. However, neither Rousselot nor Sievers explain the 
greatly increased length of the double consonant or its 
influence on the preceding vowel. 
At this stage one has to mention Josselyn (1901) who 
uses Rousselot's methods for studying Italian sounds. As 
reviewed by Stetson (op. cit. ), Josselyn discusses the 
peculiarities of the Italian double consonants which indicate 
the increased length of the occlusion and the compensatory 
shortening of the preceding vowel. His final findings show 
that the double consonant is greatly different from the 
single consonant in duration and in function. 
Stetson 
Referring to previous works, Stetson (1951) maintains 
that Rousselotts instrumental technique was not sufficiently 
sensitive to fluctuations at the rate involved nor sensitive 
enough to bring out'the differences in air pressure during 
the hold of the consonant. He comments that Rousselot's 
conclusion that "a consonant prolonged becomes double" is 
entirely inadequate. 
Stetson (ibid. ) made an extensive study of abutting 
consonants-in English in which intraoral air pressure tracings 
as well as tongue and lip markers were obtained from a number 
of tokens grouped in minimal pairs, such as up puppy /lob Bobby; 
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topic/top pick; hit him/hit Tim; I do/I'd do; un-own/unknown; 
I lie/I'll lie... etc. While carrying out the experiments, 
the attention of the subjects was not called to the fact that 
the same consonant appeared as single and as geminate in each 
token; instead they were asked to say the word or phrase, i. e. 
each token, so that the meaning would be clear; besides each 
subject chose his own rate of utterance. 
In general, Stetson (op. cit. ) investigates the 
articulatory differentiation of'single and double consonants. 
He measures the closure durations for single and geminate 
plosive consonants. The results show that distinct double 
articulations, with no release between the two-consonants, 
have a median closure duration from onset to release of 200 
msec. This type of double articulation normally occurs at 
utterance rates of two syllables per second. Single consonant 
articulations are found to have a modal closure duration of 
100 to 140 msec and generally occur at syllable rates of 3.5 
to 4 syllables per second. The obtained tracings of the 
examined tokens show that the double consonant is "actually 
two consonants. " [p. 611. This finding is considered as a 
clear evidence for double articulation. On the other hand, 
the tracings of the air pressure and the lip and tongue move- 
ments exhibit two maxima for the involved abutting consonants. 
Stetson remarks that "The pressure for the 'double' consonant 
is a bimaximal curve, showing the arrest of the one syllable 
pulse and the back stroke of the chest muscles, before the 
increasing pressure for the release of the second syllable 
pulse. " [loc. cit. 1. 
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Palmer and Carnochan 
Scholars of the prosodic school (e. g. Palmer, 1957; 
Carnochan, 1957; Mitchell, 1957) 
1 
support their investigations 
with palatograms and kymograms. They tend to consider 
gemination and non-gemination strictly as phonological terms 
and not as phonetic, nor as grammatical terms. Mortimer 
(op. cit. ) comments that they also "express valuable phonetic 
insights gathered in the process of specifying phonological 
exponents and connecting these with the phonic substance. " 
[p. 2]. Palmer (ibid. ), for instance, recognizing as all 
prosodists do that a segmental analysis is often neither the 
most productive phonologically nor most in accordance with 
the phonetic facts, sets up gemination for Tigrinya as a 
prosody of the entire word. He states that the distinction 
between gemination and cluster-is wholly phonological, and 
is never to be made on purely phonetic grounds. He also adds 
that "Gemination may, in fact, be treated as a prosody of 
the entire word. With the abstraction of the prosodic 
features of gemination, the distinction between single and 
geminate is redundant, but, for convenience, the distinction 
of CC and C is retained to symbolize the commutation, in the 
prosodic system, of gemination and its counterpart 'singleness 
of consonant' or 'non-gemination'. " [p. 140]. He believes 
that the prosody of the entire word can have a multiplicity 
of exponents, of which consonantal duration is only one, 
occurring singly or in various combinations. 
In his investigation, Palmer (ibid. ) reproduces 
1. Mitchell's investigation has been discussed in detail in 
section 1.6.2. 
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palatograms to exemplify the exponents of gemination in 
Tigrinya. His palatograms illustrate various interdental 
and alveolar types relating to the exponents of gemination 
he sets up. Both the vowel qualities of the second syllables 
and the features of the following consonants are considered 
as co-exponents of gemination. And since the main interest 
was solely-that of gemination, Palmer was involved in the 
recognition of the two kinds of plural form found in the 
language; namely 'suffixed plurals' and 'broken plurals'. 
For example, for-plural-forms of the structure CVCvCVC/CVCvCCVC, 
in which the exponent of the term of the V system of the final 
syllable i: s-half-close central, the exponents of gemination 
might be stated in terms of: 
(i) consonantal duration; 
(ii) tenseness of articulation (plosion as opposed to 
friction); 
(iii) position of articulation. 
Hence, Palmer (op. cit. ) remarks that "It is, perhaps, 
necessary to point out that where the exponent of gemination 
is greater duration, the exponents of the phonematic units 
are to be stated as e. g. 'voiceless labio-dental fricative', 
but where the exponent of gemination is tenseness, the 
description is e. g. 'voiced bilabial' since the features of 
plosion or friction are exponents of the prosody, and where 
the exponent of gemination is given in terms of position of 
articulation, the exponent of the phonematic unit is stated as 
e. g. 'voiceless dental/interdental plosive', since the precise 
position of articulation is an exponent of the prosody (in 
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this case dentality is the exponent of gemination and 
interdentality of non-gemination). " [p. 141]. At the same 
time, for plurals of the structure CVCvCV/CVCvCCV paired 
with the singular CVCCV the exponent of gemination is again 
to be stated as greater duration only. 
Carnochan (op. cit. ), on the other hand, studies 
the phenomenon of gemination in Hausa. He intends to 
emphasize the relation between observable phenomena and 
phonological statement. He does not aim to present general 
theory or to establish universal. categories to be regarded 
as gemination and non-gemination criteria. Although 
Carnochan presents'data-provided -by instrumental techniques; 
viz. the kymograph, he believes that "phonological categories 
cannot be set up purely by reference to instrumental data. " 
[p. 149]. This was his justification behind including material 
from other languages, besides Hausa, such as from English, 
Yoruba and Twi. The analysis of these languages shows that 
the velar articulations of English in Leaking, and of Yoruba 
in Pako 'a plank', and of Twi in Sika 'money' are associated 
with a single consonant unit in the phonological structure. 
This, he believes, makes it difficult "to consider seriously 
the possibility of establishing gemination as a universal 
category on the criterion of duration, either by listening, 
or by instrumental means. " [p. 15O]. He also points out that 
gemination and non-gemination cannot be universally defined, 
and cannot be said to 'exist' or to 'occur'. The kymograms 
of three English sentences have been presented. The three 
sentences are: 
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(a) I was amazed at the price. 
(b) Only for a slim man. 
(c) I was amazed! 
According to Carnochan (op. cit. ) the above three 
examples "emphasize that duration is not a satisfactory 
criterion for establishing the phonological category of 
gemination within a given language. " [p. 150]. He states 
that any analysis of English would associate gemination with 
the bilabial nasal in example (a) as impossible, but not 
impossible with regard to that mentioned in example (b). 
The analysis is even more difficult'for the bilabial nasal 
in example (c) whose duration is even longer than that of 
example (b). He adds that the examples he quoted from English, 
Yoruba and Twi would suffice "to justify the great need for 
distinguishing carefully between phonetic phenomena involving 
longer or shorter-durations of consonantal articulation on 
the one hand, and the establishing of the phonological 
categories of gemination and non-gemination on the other. " 
[p. 154]. 
Carnochan's discussion of gemination in Hausa is 
totally based on the examination of examples representing 
verbal pieces and nominal pieces in the language. The final 
conclusion of the examined structure is that gemination in 
Hausa should be considered as a term in 'system' as well as 
an element in 'structure'. It also shows what correlations 
are established between the elements of structure and the 
phonic data of the utterances. 
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Hegedus 
Hegedus (1959) studies single and geminate 
consonants in Hungarian. He examines intensity curves 
reproduced from tape-recorded utterances which represent 
items containing single and geminate consonants occurring 
in word -interior intervocalic positions rather than at word 
boundaries. His findings give no evidence in the intensity 
curves to support the two-phase theory suggested by Sievers 
(op. cit. ) and reiterated by Stetson (op. cit. ). This is to 
say, Hegedus finds no evidence for the existence of re- 
articulation in Hungarian geminates. 
Pickett and Decker 
An interesting listening experiment was carried out 
by Pickett and Decker (1960)_to examine the perceptual dis- 
tinction between the single voiceless plosive Ep] and its 
geminate counterpart [p-p] as a function of closure duration 
as well as rate of utterance of the surrounding sentence. 
The two experimenters recorded on tape sentences containing 
single plosives which could then be artificially lengthened 
so as to make it sound double and the sentences to differ in 
meaning. The two sentences He was the topic of the year, and 
He was the topic of the discussion were chosen for the listen- 
ing tests. They were recorded on tape and then, in a number 
of recorded copies, the duration of the /p/- closure was 
artificially altered by inserting or removing tape. Each of 
the recorded sentences was copied ten times and then the /p/- 
closure of each copy was lengthened or shortened to provide a 
set of ten sentences with ten different closure durations. 
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The closure was located by listening to the tape output as 
the tape was pulled slowly by hand across a playback head. 
Shortening was made by removing tape from the middle of the 
closure, and lengthening was made by inserting blank tape at 
the centre of the closure. Each of the altered sentences was 
judged by a group of listeners to be either He was the topic 
of the year or He was the top pick of the year, in the case of 
the first test sentence, or to be either He was the topic of 
the discussion or He was the top pick of the discussion, in 
the case of. the second one. The effects often closure 
durations were examined in various combinations with five. 
different rates of utterance spanning. a range from-very slow 
to very rapid utterance. The rate was paced with the aid of 
the sweep hand of a 6-rpm stopwatch. The subject watched the 
moving hand and spoke the sentence at a rate*to occupy about 
the desired times which were calculated on the basis of eight 
syllables for the sentence. Rates of 2,3,4,6 and 8 
syllables per second were chosen for testing, and new record- 
ings of each subject were then prepared by splicing. A 
threshold closure duration was defined to be the duration at 
which 60% of the judgments were topic. As the rate increased 
from 2 to 8 syllables per second, the threshold closure 
duration decreased from 320 to 140 msec and at a progressively 
declining rate. This function of threshold closure duration 
versus rate of utterance was found to be approximately 
parallel to the relation, for the unaltered sentences, between 
actual closure duration and rate of utterance. 
The test sentences were recorded by the two experi- 
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menters who "practised and recorded repeatedly so as to 
provide final examples having three characteristics: 
(1) a relatively standard rate of utterance, (2) a /p/- 
closure of 150 ursec, and (3) a relatively even syllable 
stress throughout the sentence. " Cp. 12]. The results of 
the listening tests with normal rate of utterance show that 
generally most /p/- closures shorter than 150 msec were 
judged as single consonants and closures longer than 250 ursec 
were, on the other hand, judged as double consonants. The 
results also show an interaction between rate of utterance, 
the perception of the consonant, and its duration. It was 
found that as rate became slower, a. larger duration was 
necessary for-the consonant to be heard as double; whereas 
with short durations and fast rates, the interaction seemed 
less marked. Picket and Decker (op. cit. ) contend that these 
results are quite consistent with the articulatory measures 
reported by Stetson (op. cit. ). The tests also show that 
there is a bias towards, making single consonant judgments, 
even when closure durations are at their greatest; besides 
the two talkers give "very similar relations between closure 
duration and single consonant judgments. " Cp. 13]. They 
attribute this to their failure in attaining a style of 
utterance having no bias towards the single consonant 
perception. Mortimer (op. cit. ) comments on this saying that 
"a possible additional contributory factor not mentioned by 
the experimenters, is that as topic seems to be a more 
frequent and likely item than top pick, listeners may be 
biased towards the former, even in a forced choice situation. 
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And it may, anyway, be true that a general bias towards the 
selection of non-geminate items exists. " [pp. 6-7]. 
At the same time, the results of the tests with 
various rates of utterance show that there is an interaction 
between rate of utterance, the perception of the consonant, 
and its duration. Evidence is found that as rate becomes 
slower, a longer duration is necessary for the consonant to 
be heard as double. However, with shorter durations and 
faster rates, the interaction seems less noticeable. In 
this respect, Huggins (1972) points out'the'basic limitations 
in Pickett and Decker's experiment. He comments that the 
only alternative responses available to the subjects are 
either topic or top pick. The former contains an unaspirated 
medial [p]. All stimuli are derived from a production of 
the word topic; therefore none of the stimuli are aspirated. 
Huggins concludes that the discrepency between his experiment 
and that of Pickett and Decker is due to the fact that in the 
latter experiment "the cue of closure duration had to override 
the conflicting cue of no-aspiration before subjects would 
perceive the stimulus as top pick ... " [p. 1277]. 
Mieko Han 
The feature of duration plays an important role in 
Japanese phonology. It is well known that in Japanese a 
long vowel contrasts with its short cognate, and similarly, 
a long consonant contrasts with its short partner. Consonant 
gemination is an interesting phenomenon in Japanese, especially 
when it occurs in European loanwords. For instance, Han (1965) 
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studies the feature of duration in Japanese. The purpose of 
his study is to present the results of experiments made by 
means of a spectrograph on Japanese vowels and consonants, 
and to determine their inherent duration. The five Japanese 
vowels [a iue of are pronounced in the same phonetic 
environment, and syllables such as /ka/, /ki/, /ku/, /ke/ and 
/ko/ are spoken with constant tempo. In order'to measure 
the duration of Japanese vowels in the same phonetic context, 
these syllables are enunciated with the addition of an extra 
syllable inserted at the beginning and at the end of each 
utterance. This makes it possible to pronounce the five 
vowels free from-intonational-influence. For-example, the' 
sequence of syllables /kakikukeko/ is pronounced as - 
/kakikukekokane/, and /naninuneno/ as /naninunenonano/. Thus 
all five vowels are pronounced in as similar phonetic environ- 
ment as possible. 
A second experiment was also conducted in which the 
same five syllables were placed in a different order so as 
to make a meaningful utterance. Sentences such as /kakikakeno 
o kakukotoda/, where the five Japanese vowels occur in a 
similar context on the same pitch, were constructed. Han 
(op. cit. ) observed that vowel Cu] was always the shortest 
among the five vowels if it was pronounced in the same environ- 
ment; Ci] was the next shortest and Co], Ce] and [a] followed 
in that order. The duration ratio among the five vowels was 
reported as in table (2.1) below: 
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Table (2.1) 
Vowel Ratio value 
Cut 1.00 
Cif 1.17 
Co] 1.26 
Eel 1.37 
[a] 1.44 
(After Han, 1965, p. 67) 
Similarly, the duration of Japanese consonants was 
measured on the spectrograms. The results show that in the 
same phonetic context voiceless consonants are relatively 
longer than their voiced counterparts. For example, spectro- 
graphic inspection indicates that there is approximately 20 
to 40% increase in duration in the voiceless plosive [p] in 
/pan/ 'bread', [t] in /hitai/ 'forehead', [k] in /seekaku/ 
'personality', Ct! ] in /hattida/ 'it's a bowl', and [s] in 
/susume/ 'march forward', over their corresponding voiced 
partners [b] in /ban/ 'turn', Cd] in /hidai/ 'over weight', 
[g] in /seegaku/ 'vocal music', Cd3] in /sandjaku/ 'three 
jakus', and Cz] in /suzume/ 'sparrow'. 
Han (op. cit. -) groups the Japanese consonants into 
five classes in accordance with their relative duration, 
ranging from the longest to the shortest. Voiceless frica- 
tives and plosives are considered as the longest; while the 
approximants are regarded as the shortest. Other classes 
come in between. He remarks that there are minor differences 
in duration among different consonants belonging to the same 
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class, and in the event of geminate plosives, i. e. Epp], 
Ctt] and Ckk7, the minor difference, due to the place of 
articulation, is clearly observable. The durations of 
short and long consonants in words such as /supai/ 'spy' 
versus /suppai/ 'sour', /ita/ 'existed' versus /itta/ 'went', 
/haka/ 'temb' versus /hakka/ 'mint', /ise/ 'a place name' 
versus /isse/ 'a unit of area', etc., are measured and it 
is found that the duration of short and long consonants is, 
on the average, in the ratio of 1.0 to 2.6 and often 1.0 to 
3.0. This indicates that long consonants are genuinely much 
longer than twice the short cognates in Japanese. 
According to Han- (op. cit. ) the length of a Japanese 
vowel or consonant segment is not the basic unit of duration. 
He claims that his spectrographic experiments correct the 
notion of double consonants or double vowels in Japanese. 
His analysis of a number of spectrograms convinces him that 
there is, in Japanese, a unit of duration associated with 
the syllable which he calls "onsetsu". The term onsetsu is 
"functionally a quantum of duration. " [p. 71), and Japanese 
utterances are made up of one or more onsetsu. It is taken 
to mean a sound-unit in Japanese. Han points out that because 
the actual length of each onsetsu is approximately the same, 
Japanese is characterized by its staccato quality. 
' There- 
1. In his paper on Japanese phonetics, Block (1950) states 
that "The most striking general feature of Japanese pronuncia- 
tion is its staccato rhythm. The auditory impression of any 
phrase is of a rapid patterning succession of more-or-less 
sharply defined fractions, all of about the same length. " 
Cpp. 90-91]. It is of interest to comment here that some 
aspects of Japanese prosodies give the impression to speakers 
of other languages of having a staccato quality. The term 'staccato' can be used in the description of a language's 
phonological system relative to some speakers' norm. (Crystal, 1969, pp. 161-167). But in the above sense, it is used in a less rigorous way to refer to the speaker's impression of 
other languages. 
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fore, he proposes a new phonemic entity of onsetsu duration 
which he symbolizes by a /: /, and "may be added to a 
consonant that has one onsetsu duration by itself. " [p. 721. 
Consequently, long consonants normally transcribed as [ppl, 
Ctt], Ckk], etc., would be phonemically represented as /p: p/, 
/t: t/, /k: k/, etc., respectively. 
Delattre 
Delattre (1971) made probably the most stimulating 
and the most wide-ranging study of the phenomenon of gemina- 
tion. His investigation includes material from four languages, 
namely English, German, French and Spanish. - He differen -, 
tiates between the two terms 'double' and 'geminate'. The 
former "is usually reserved for graphic symbolization of two 
consonants. " [p. 31]. For him the concept of gemination 
applies to the meaningful perceptual doubling of a consonant 
phoneme. 
Delattre (ibid. ) bases his study on spectrographic 
and cineradiographic examination of utterances in the four 
languages. The study is complemented by using speech 
synthesizers in order to "test by ear what consonant durations, 
or ratios of consonant durations are appropriate in each 
language in distinguishing geminate consonants from single 
ones. " [p. 32]. The objective of this investigation is to 
examine "the acoustic and the articulatory correlates of 
consonant gemination, both across and within word boundary, 
and to compare their behaviour among four languages. " [loc. cit. ]. 
The selected stimulus items are appropriate utterances 
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composed in each language in the form of minimal pairs or 
near minimal pairs so that'the variables may occur in similar 
phonetic environment. They are chosen so as to give 
consonant gemination either across word boundary, as in 
English We lend or We'll end versus We'll lend, or within 
word boundary, as in Spanish Caro versus Carro. The utter- 
ances are recorded by native speakers of each language, and 
spectrograms are made to measure consonant duration and 
observe the tempo of formant transitions and the variations 
of overall amplitude. 
Spectrographic inspections indicate that consonant 
duration is an-important-factor in the linguistic functioning 
of gemination. The final results reveal that consonant 
duration is a major attribute of gemination across word 
boundary in all four languages, but that the duration 
contrasts are wider in the two Latin languages than in the 
two Germanic ones, and narrowest of all in English. This is 
interpreted as indicating that "consonant gemination across 
word boundary is less distinct, less stressed, more slurred 
in English or German (especially in English) than in French 
or Spanish. " [p. 38] 
Delattre (op. cit. ) points out that there were cases 
in which one of his subjects made very little distinction 
in duration between a geminate and a single consonant; still, 
auditorily, the longer consonants were clearly heard as 
geminates. On the other hand, there were cases in which very 
long single consonants were clearly heard as merely single. 
This, perhaps, justifies Delattre's assumption that there are 
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other factors, in addition to duration, that contribute to 
the production and perception of gemination. Therefore, 
intensity variations, as for example in the case of [nl, [11 
and [s], are found to play a definite role in distinguishing 
geminates from single consonants. They exhibit two phases 
in the articulation of geminate consonants. for all four 
languages; one with the features of-final consonants, and 
the other'with the features of initial consonants. The 
cineradiographic evidence indicates that the first phase is 
marked by consonant anticipation and weak tongue pressure; 
whereas the second phase-is-marked by vowel anticipation 
and increased tongue pressure. The perceptual. tests, carried 
out with synthetic speech, confirm that consonant duration' 
is 
.a 
major cue for the perception of gemination, and suggest 
that German, French and Spanish ears require a longer hold 
than American ears in identifying a consonant as being 
geminate, across word boundary. (Delattre, op. cit., p. 113). 
The tests also denote that the intensity of arresting and 
releasing formant-transitions is a major cue for the percep- 
tion of gemination, and one- likely to be overridden by the 
duration cue. 
Lehiste, Morton and Tatham 
Earlier, it was mentioned that Hegedus (op. cit. ) 
studied intervocalic geminates in word-internal positions 
and found no evidence of double articulation, and that Stetson 
(op. cit. ) and Delattre (op. cit. ) examined consonants abutting 
at word boundary and, conversely, found evidence of double 
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articulation. Lehiste et al. (1973) made a further attempt 
and studied both situations within the framework of a single 
investigation. The aim of this investigation was "to 
establish whether the position within a word or at word 
boundary has any influence on the production of geminate 
consonants. "' [p. 132]. The languages chosen for the study were 
English and Estonian, and the technique used was electro- 
myography, supplemented by intraoral air pressure measure- 
ments, because it was assumed that this technique could 
provide an unexplored opportunity for finding out whether 
gemination is connected with rearticulation and that the 
electromyographic signal "would indicate the duration and 
extent of the electro-chemical activity within the muscle 
consequent upon innervation of that muscle. The intraoral 
air pressure was sampled. to detect accurately the moments 
of closure and opening of the lips - i. e. the stop phase of 
the bilabials [p] and [b]. " [p. 134]. Two subjects, one a 
native speaker of Estonian and the other a native speaker 
of American English, acted as informants and each pronounced 
both the Estonian and English sets of materials used in the 
study. Besides investigating the difference between single 
and geminate consonants in word-internal position and at 
word boundary, the study also aimed at examining the difference 
between short and long geminates, the difference between the 
manifestations of geminates at word boundary in the two 
languages, and the differences between productions of 
geminates by native and non-native speakers of the two 
languages. This is probably the reason behind choosing 
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Estonian for this investigation, since it is a particularly 
suitable language for studying geminates and has not only 
an opposition between short and long consonants in inter- 
vocalic position, but also an opposition between short and 
long geminates. The examined consonants are voiced and 
voiceless bilabial plosives, presented in sets such as taba, 
taps, tappa, lapp peal, for Estonian, and lee pin, leap in, 
leep pin, for English. The Estonian consonants are classi- 
fied as follows: 
(a) short consonant = single 
(b) long consonant = short geminate 
(c) overlong consonant = long geminate 
Lehiste et al. (op. cit. ) point out that closure 
duration serves effectively in distinguishing among the 
three intervocalic consonant-lengths in Estonian, i. e. short, 
long and overlong (as spoken by a native speaker), and in 
differentiating between pre- and post-junctural occurrences 
of consonants in English (as spoken by a native speaker). 
They add that it plays no part in distinguishing geminate 
from single consonants in English, and that its role is in- 
consistent in distinguishing between medial overlong consonants, 
i. e. long geminates, and junctural geminates in Estonian. It 
appears that electromyographic amplitude plays no practical 
role in distinguishing geminates from other occurrences of 
the consonants included in the investigation. For instance, 
initial consonants in English are found to have less electro- 
myographic peak amplitude than final ones, and differences 
in peak electromyographic amplitude in the Estonian data. This 
is to say, consonants included in the investigation cannot be 
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distinguished from each other instrumentally on the basis of 
electromyographic amplitude owing to the fact that electro- 
myography could not possibly be a factor in perception of 
consonantal differences. 
The ultimate conclusion reached by the investigators 
is that "articulation of geminates is a language specific 
phenomenon not easily duplicated even by a skilled phoneti- 
cian. " [p. 147]. Differences between short and long medial 
geminates in Estonian word-interior positions as well as at 
word boundaries are firmly established. Evidence, based on 
differences in the number of electromyographic peaks, is 
found for rearticulation_in the production of Estonian inter- 
vocalic long and overlong consonants as well as in consonantal 
sequences at word boundaries. On the other hand, there is 
no evidence for rearticulation in the event of English 
consonantal sequences at word boundaries. Lehiste et al. 
(op. cit. ) reported that "electromyographic duration and 
number of electromyographic peaks distinguished Estonian 
short and long geminates and English pre- and post-junctural 
voiceless plosives. Significantly, number of electromyographic 
peaks did not differentiate between single consonants and 
junctural geminates in English. " [p. 147I. 
Sampson 
Sampson (1973) studied consonant duration in 
biblical Hebrew. He disagrees with other researchers (e. g. 
Lehiste, 1970) who claim that duration contrasts should be 
represented with geminate versus single segments. Instead, 
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he argues that duration contrasts in biblical Hebrew 
consonants are to be analyzed as long versus short rather 
than as clusters of identical consonants, i. e. geminates 
versus single consonants. His argument is based primarily 
on the difficulty one would have in formulating a rule which 
spirantizes obstruents post-vocalically, and therefore 
possibly pre-consonantly, if geminate clusters were posited. 
According to him, spirantization does not apply where there 
is an identical sequence of consonants. 
Sampson (op. cit_), argues for interpreting long 
consonants as single [+ long] segments on the basis of the 
fact that spirantization- in; ` Hebrew must be greatly-complicated 
if long consonants are instead treated as geminates. This 
rule, then, converts post-vocalic plosives to fricatives, 
even if the plosive in question is the first member of a 
consonant cluster. Sampson's arguments, however, were later 
strongly criticized by Barkai (1974) who commented that 
Sampson's rules do not apply in several positions. 
Klatt 
Klatt (1974) measured the duration of the phonetic 
segment [s] in English words. A list of more than one hundred 
words was constructed in such a way that this segment appeared 
in several different phonetic contexts. In the majority of 
these words, the segment [s] appeared as a single consonant 
in three different word positions in words containing different 
numbers of syllables and different stress patterns. Words 
containing the double [s] were also included and the duration 
differences between single and double [s] were compared. 
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The final results indicate that the duration of [s] 
depends on whether the following vowel is stressed or not. 
An Cs] is found to be longer in prestressed position and 
shorter before unstressed vowels in word-final position, and 
that it is shorter in multisyllabic words and in consonant 
cluster sequences. Klatt (op. cit: ) states that "the relatively 
large durational variability of Cs] before an unstressed vowel 
suggests that unstressed syllables are articulated with less 
precision than are stressed syllables and supports the notion 
that lexical stress is a-feature the domain of which encompasses- 
both consonants and vowel. " [p. 51]. " The results also indicate 
that the double Cs] is-longer than a single Cs] for all 
subjects in English words such as misspell versus misplace 
and misstep versus mistake. A double Cs] followed by a 
plosive is found to be approximately 25% longer than a 
single Cs] followed by a plosive. 
Fujisaki, Nakamura and Imoto 
An experimental investigation was performed by 
Fujisaki et al. (1975) both on subjects with normal hearing 
and on hard-of-hearing children. The investigation primarily 
aims to examine "the roles played by segmental durations in 
the perception of Japanese vowels and consonants in various 
contexts, and their relationships to the perception of 
duration of various non-speech sounds which possess acoustic 
features similar to the speech sounds under study. " [p. 198]. 
Unlike Han (op. cit. ), the investigators use the term 'geminate' 
in place of the term 'long' for consonants. 
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Japanese voiceless consonants, used intervocalically, 
contrast in duration with their longer counterparts and are 
often denoted by the juxtaposition of two identical phonetic 
symbols. Fujisaki et al. (op. cit. ) state that in voiceless 
fricatives, it is the duration of the quasi-stationary fric- 
tion that constitutes the contrast; while in the case of voice- 
less plosives and affricates, on the other hand, the phonemic 
contrast is realized by a difference in duration of the stop 
gap preceding the plosion. Word-medial nasal consonants may 
be changed to their longer cognates by "an increase in dura- 
tion of the nasal murmur.! [p. 1991. They observe that the 
duration of a long vowel ortia geminate consonant is more than 
twice as large as its shorter counterpart. 
The stimulus items of their first experiment were 
selected in such a way that "they should have the same type 
of pitch accent, and should contain the segment under study 
in the minimal context, so that they could be discriminated 
solely by the durational cue. " [p. 207]. The test results of 
these subjects were analyzed individually. They show marked 
uniformity of phoneme boundaries and accuracies of identifica- 
tion for vowels, nasals and voiceless plosives regardless of 
the spectral features of segments and their contexts. In 
order to obtain quantitative estimates for the magnitude and 
the extent of influences caused by the segmental durations 
or the talking rates of their context, further identification 
tests were performed using synthetic speech stimuli of the 
fricative group both in word and in sentence context, but at 
different tempos. 
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Similar tests were conducted on four hard-of-hearing 
children aged between 11 and 12 years with severe sensory- 
neural hearing impairments. Three other children with normal 
hearing, of the same age, were also tested as the control. 
Summarizing, the results of these tests denote that despite 
their severe hearing impairments,. none of the four hard-of- 
hearing children differ significantly from the three normal 
ones in their perceptual ability of duration of non-speech 
stimuli when their-hearing loss is compensated by proper 
amplification. However,, their performances in perception of 
speech stimuli exhibit extensive individual variations, rang- 
ing from no significant difference from the normal group at 
one extreme to highly significant differences in all the 
tests at the other. (Fujisaki et al., op. cit., p. 227). The 
investigators conclude that these individual differences are 
found to be dependent more heavily on previous history of 
education than on types and degrees of hearing loss, and 
testifying to the importance of proper training at earlier 
ages. 
I 
Thananjayarajasingham 
Thananjayarajasingham (1976a) used direct palato- 
graphy for his study of intervocalic geminate consonants in 
Ceylon Tamil. The examined items consist of words in which 
single and geminate nasals and laterals occur. They are all 
nominal forms which frequently exist in the colloquial Tamil 
speech of the experimenter who is a native speaker of Ceylon 
Tamil and who acted as his own subject. The obtained palato- 
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grams were divided into various zones in accordance with 
the Firthian lines. (Firth, 1948). They reveal a clearer 
and more marked wipe-off in the case of words containing 
geminate consonants than in those words containing their non- 
geminate partners. This, of course, indicates that during 
the articulation of geminate nasals and laterals in Ceylon 
Tamil, as spoken by the experimenter, the tongue touches the 
area of contact more firmly and for a longer duration than 
in the articulation of single nasals and laterals. 
In a subsequent study, Thananjayarajasingham (1976b) 
used kymography and spectrography as two experimental 
techniques for measuring the duration of intervocalic voice- 
less geminate plosives occurring in colloquial Ceylon Tamil, 
as in the words tappu 'mistake', pattu 'tin', kaattu 'wind' 
pookku 'behaviour', ... etc. The kymographic and spectro- 
graphic evidences obtained from this experiment indicate 
that "the duration of the closure was very long if the stop 
was preceded by a short vowel and considerably less if the 
stop was preceded by a long vowel. " [p. 150]. 
Mortimer 
In 1977, Mortimer made a phonetic study to investigate 
certain acoustic and perceptual aspects of grammatical distinc- 
tions in English from a pedogogical point of view. The 
investigator had noticed that students of English as a foreign 
language experienced difficulty in hearing auxiliary verbs 
when these were signalled by a single consonantal sound. The 
difficulty was greatest if this sound was homorganic or 
identical with that at the beginning of the verb root. There- 
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fore, the study aimed at finding out how far native listeners 
would be able to distinguish past simple from present perfect, 
past simple from past perfect, and present simple from future 
simple when these tense distinctions were minimally signalled 
without additional grammatical or semantic cues. More 
specifically, the investigation was concerned "with the 
extent to which native listeners perceive particular manifes- 
tations of grammatical tense distinctions under various 
conditions., ". Cp. 183. Paired utterances, such as He sold it/ 
He's sold it, He dropped it/He'd dropped it, and He let it, 
He'11 let it, were chosen and were embedded in--three constructed 
monologues which-were recorded by the investigator in either 
a dramatic or narrative style. Ten undergraduates, who were 
all native speakers of English, participated in this study 
as speaking subjects. An experienced phonetician agreed to 
undergo the full elicitation, following exactly the same 
procedures used with the ten undergraduates. The ten under- 
graduates as well as the phonetician were completely unaware 
of the nature of the project. 
Mortimer (op. cit. ) was interested in finding out 
whether there were measurable, consistent durational differ- 
ences in the acoustic structure correlatable with the geminate/ 
non-geminate distinction at the critical point of juncture, 
and whether measurements at the point of juncture correlated 
with measurements of total utterance duration. He was also 
interested in finding out whether the acoustic pattern at 
the point of juncture was readily divisible into two segments 
correlatable with post and prevocalic consonants respectively, 
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and whether variability in the duration and/or formant 
structure of the initial Ci] segment of the experimental 
phrases was correlatable with the non-geminate/geminate 
contrast. 
Scrutiny of spectrograms indicates that all geminate 
members of a pair have a greater acoustic segment duration 
than do their non-geminate partners in that pair. The 
geminates [zs] and [11], for instance, tend to be about a 
third longer than the non-geminates [s] and Cl], but Cdd] is 
found to be usually longer by about 75% than Ed]. On the 
other hand, there is little evidence in the data for regard- 
ing Czs] and [dd] acoustically as-two segments; whereas there' 
is ample evidence for an internal segmentation of [11]. The 
spectrographic inspection also shows that the vowel Ei] tends 
to be longer in pre-geminate positions than in pre-non-geminate 
positions in the Cd]/Cdd] pair. A similar but stronger 
tendency is still seen in the case of the [s]/[zs] pair; 
whereas the C1]/C11] pair is not "amenable to investigation 
in this regard. " [p. 54]. 
The listening tests, on the other hand, indicate 
that non-geminate items are better discriminated than geminate 
ones. However, when non-geminates are presented in a forced 
choice, they are extremely well discriminated by almost all 
listeners. The geminate/non-geminate distinction is, on the 
whole, well perceived when listeners are aware that this 
distinction is at issue despite the fact that perception varies 
according to speaker and according to manner of articulation 
of the consonants at the point of juncture. Mortimer (op. cit. ) 
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adds that "on the basis of the limited exploratory experi- 
ments conducted in which subjects were unaware of the issue, 
however, it is tentatively concluded that though listeners 
have the capacity to discriminate most geminates, a geminate 
tends to be perceived as a non-geminate unless the means of 
discrimination are somehow altered by an aspect or aspects 
of context. " [p. 116]. 
Table (2.2) Average durations (in msecs) of non-geminate/ 
geminate segments for all speakers over all runs. 
Non-geminate Geminate 
segment 
duration 
(in ursec) 
segment 
duration 
(in msec) 
[s] 120 [zzs] 145 
[d] 60 Cdd] 115 
Cl] 125 [11] 180 
(After Mortimer, 1977, p. 44) 
Table (2.3) Average durations (in msec) of vowel [i] preced- 
ing non-geminate versus geminate consonants. 
Segment [1] before non- Ci] before geminate 
geminate 
Cs]/Cgs] 10 36 
Cd]/Cdd] 13 23 
(After Mortimer, 1977, p. 53) 
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Leben 
Following Sampson (1973), Leben (1980) subjected 
biblical Hebrew to further investigation in which the problem 
of segmental quantity cast in terms of a metrical theory of 
syllabification was studied. Justification for this theory 
comes from consonant quantity paradoxes in Hausa and biblical 
Hebrew, and instances of long consonants as single segments 
and as clusters are examined. Leben (ibid. ) terms the level 
at which quantity is expressed as the 'metrical level', and 
proposes that the units of-quantity are s for 'strong' and w 
for 'weak''. For him, 
.a 
also corresponds to [+ syllabic]-and 
w to [- syllabic]. A single unit of length, w, -is associated 
with a short consonant; while two units of length, ww, are 
associated with a long one. Besides, a sequence of short 
consonants is associated with a sequence of ws. 
The sketch below illustrates how Leben (ibid. ) 
equates long consonants with short ones at the segmental level 
while identifying long consonants quantitatively with 
consonant sequences at the metrical level. Examples are 
from Hausa: 1 
a) short C b) long C c) CC cluster 
da m oo ga m oo ka sk o0 
A 11 
wwwww 
Reviewing previous work (e. g. Sampson, op. cit.; 
Barkai, op. cit. ) Leben finally states that the metrical 
approach provides a means for formalizing the observation 
1. See Leben, 1980, p. 499, for further details. 
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reported by Barkai that in biblical Hebrew "generally a vowel 
is long before a single consonant and short before a consonant 
cluster including clusters of identical consonants. " [p. 458]. 
He adds that a vowel preceding a cluster or long consonant 
will be a syllable of the pattern (CVC), with the metrical 
values wsw; whereas a vowel preceding a single short consonant 
followed by a vowel will be in a syllable of the pattern (CV), 
with the metrical values ws. 
McKay 
McKay (1980) carried out a spectrographic investiga-- 
tion of, word-medial plosive. geminates in Rembarrnga, a north 
Australian language, to determine the legitimacy of interpret- 
ing medial plosive contrasts in this language as contrasts 
between geminate and single plosives, rather than between 
voiceless and voiced plosives. He tried to ascertain whether 
the acoustic facts were compatible with the gemination inter- 
pretation. Phonologically, voiced and voiceless plosives in 
Rembarrnga are in partial 'complementary distribution', con- 
trasting only in medial position, except medially after nasals. 
Morphophonemic analysis shows that there is "fairly strong 
evidence from the use of various affixes in support of the 
gemination interpretation. Where affix and stem bring together 
two identical stops the result is a long, voicelss, fortis 
stop. If only one (syllable initial) stop occurs it is short, 
voiced and lenis. " [p. 344]. 
The final results drawn from this experiment indicate 
that the durations of occlusion for the geminate and single 
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plosives show clearly that the geminates are considerably 
longer than the singles. The differences in closure dura- 
tion between geminate and single velar and bilabial plosives 
found in this study are comparable with those reported by 
Lehiste et al. (op. cit. ) between single plosives and short 
geminate plosives in Estonian. In some cases, vowels are 
found to be insignificantly shorter before the geminate 
plosives than before the single ones. McKay (op. cit. ) draws 
the conclusion that "structural and spectrographic evidence 
appears to indicate. that the opposition between medial stops 
in Rembarrnga - short lenis versus long-fortis - can and 
should be interpreted as an opposition between single and 
geminate stops. "- [p. 346]. 
Table (2.4) Mean durations of medial plosives (in msec) in 
Rembarrnga. (n) represents number of investiga- 
ted tokens. 
pttk 
Geminate 
Mean 130.6 193.3 125.4 230 127.2 
S. D. 21.44 17 40.98 29.44 26.65 
n 15 3 11 3 11 
Single 
Mean 62 35 21 66 60 
S. D. 14.69 5 5.39 8 28.28 
n 15 4 10 5 10 
(After McKay, 1980, p. 345). 
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Paul Ken Aoki 
Aoki (1981) made a comprehensive investigation 
whose aim was to determine the nature of phonological 
processes creating geminate consonants in native Japanese 
words and the extent to which these processes are applicable 
to European loanwords entering Japanese. For example, when 
the English word hit is borrowed in Japanese, it will appear 
as /hitto/. 
However, in examining native Japanese phonological 
alternations, one notices that geminate consonants do occur. 
Aoki (ibid. ) does not agree with previous analyses describing 
such consonants as the consequence of-, two "morphologically 
juxtaposed consonants existing in underlying representation 
and undergoing assimilation processes, /kir+ta/ (verb stem + 
past tense)-"-Ckitta] 'cut'. " [p. 1). He is, in fact, in 
disagreement with those researchers who claim that geminate 
consonants are divided at morpheme boundaries and that they 
surface by means of consonant assimilation. He remarks that 
"If geminate consonants are always divided by morpheme boundar- 
ies and are a result of consonant assimilation, it is not 
apparent why geminates should appear in loanwords, especially 
in light of examples like Chitto] - 'hit' where it is clear 
that there is neither an internal morpheme boundary nor an 
underlying source consonant such that consonant assimilation 
can apply, yielding a geminate [tt], e. g. /hiCt/. " [loc. cit. ]. 
Aoki (ibid. ) states that, in general, Japanese 
geminate consonants occur only intervocalically and appear 
to have the same pattern as that of the other consonant 
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sequences, namely a syllabic nasal followed by a consonant, 
which also only occurs intervocalically. Geminate consonants 
existing in native Japanese comprise these combinations: 
Epp, tt, kk, ss, If, tftf]. It is quite evident, then, that 
Japanese has no voiced geminates; they are all voiceless. The 
first part of a geminate consonant terminates the first 
syllable and the second-part initiates the following one. 
This is why loanwords, such as those of English origin, 
containing voiced geminates are not considered easy for native 
Japanese speakers to pronounce. Words, such as /dabbu/ 'dab', 
/beddo/ 'bed' and /doggu/ 'dog', are very often pronounced 
as /dappu/, /betto/ and /dokku/'*respectively, where a voiced 
geminate is replaced by its voiceless equivalent. On the 
other hand, words like /koppu/"'cop' and /kappu/ 'cap' are 
easily pronounced since they originally have voiceless 
consonants. In this matter, Aoki employs Jaeger's (1978) 
hypothesis claiming that voiced geminates are physiologically 
difficult to articulate and, therefore, they should either 
be prenasalized or imploded. 
1 In the case of Japanese, he 
suggests that the first part of a geminate becomes nasalized. 
He considers this suggestion as the only hypothesis that 
"accounts for the apparent absence of voiced geminates in 
native Japanese". [p. 171]. Aoki also maintains Hyman's (1975) 
proposal that loanwords are lexicalized in terms of the under- 
lying forms of the target language which then undergo the rules 
1. Jaeger (1978) states that "Voiced geminate obstruents are 
more unstable than voiceless; over time they should either devoice, or devise some means of prolonging voicing, for 
example, becoming prenasalised or imploded. " [p. 320]. In as far as the British terminology is concerned, the word 'imploded' 
would then stand for 'implosive'. 
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of the phonology of that language. According to Hyman, 
foreign words and segments are perceived in terms of the 
phonology of the native langauge, as in these monosyllabic 
words which are borrowed by the Japanese with geminates: 
/hitto/ 'hit' 
/kappu/ 'cap' 
/bukku/ 'book' 
Balasubramanian 
Closely following Thananjayarajasingham's (op. cit. ) 
two experiments for examining the doubling of intervocalic 
nasal and lateral consonants in Ceylon Tamil, Balasubramanian 
(1982) started an investigation to examine the same feature 
in colloquial Indian Tamil. Direct palatography and electro- 
kymograph were exploited in this study to provide phonetic 
evidence. The test items were presented in minimal and/or 
sub-minimal pairs indicating contrast between single and 
double nasal and lateral consonants. These items were "care- 
fully chosen to ensure that only one segment in each word was 
capable of wiping off the marking medium from the palate. " 
[p. 99]. Four informants, who were native speakers of Indian 
Tamil, participated in this study. All palatograms obtained 
were divided into various zones following the Firthian lines 
and similar to those produced by Thananjayarajasingham (op. cit. ). 
Balasubramanian (ibid. ) points out that the palato- 
grams of words containing single nasals or laterals show a 
mere suggestion of a wipe-off; while those of words having 
their double cognates reveal a clearer and wider wipe-off. 
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These evidences clearly illustrate that the tongue makes a 
firmer contact with the palate for a longer duration during 
the articulation of the double consonants than during the 
articulation of their single counterparts in Indian Tamil. 
Besides, the kymographic tracings show that the duration of 
the double nasals and laterals is about two and a half times 
that of their single partners. The findings of this investi- 
gation are in close agreement with those findings reported 
by Thananjayarajasingham (op. cit. ) regarding the same 
phenomenon in both Tamil dialects. 
Table (2.5) Average duration (in ursec) of'. 160 utterances 
contrasting between-single and geminate Tamil 
consonants used intervocalically. 
aiscnant single between geminate between 
checked rowels rowels 
[m] 125 285 
En] 122 290 
[1] 140 360 
CC] 145 380 
(After Balasubramanian, 1982, p. 303) 
2.4 The Relationship Between Word-Medial Consonants and 
the Duration of a Preceding Vowel: 
The relation between consonants and the duration of 
the preceding vowels has been subjected to thorough investiga- 
tions for a considerable length of time. Researchers seem at 
variance whether the duration of vowels is essentially 
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influenced by the type of the following consonants. In 
this section we shall discuss some of these views with regard 
to the effect exerted by consonants, in general, on the 
duration of vowels that precede them. Special attention will 
be given to consonant clusters, whether identical or non- 
identical, and their influence on the duration of the preced- 
ing vowel. 
The influence of consonant environment upon the 
duration of preceding vowels has been studied by a great 
number of scholars in different languages. Earlier, it was 
reported that both Rousselot (op. cit. ) and Sievers (op. cit. ) 
did'not explain the effect -a ._ geminate consonant has on, a 
preceding vowel. Josselyn (op. cit. ), however, followed 
Rousselot's approach in examining the effect. of a geminate 
on vowel duration in Italian. He found a compensatory short- 
ening of those vowels preceding geminate consonants. 
In 1953, Belasco carried out an experiment in which 
a scale was devised to classify arbitrarily the consonants 
according to five degrees of 'force of articulation'. The 
method employed was planned to determine objectively the force 
of articulation of eighteen different consonants. Only the 
vowel [C-1 was used, and it was uttered in a phonetic context 
which approximated that of a vowel in a typical French accented 
syllable. It was found that "the duration of the vowel, 
measured in centiseconds, varied with the consonant that 
followed: p(14), t(15), k(16), f(18), 1(21), n(23), m(25), 
s(24), f(25), d(26), g(26), b(26), 
, 
p(28) ,j (31) , v(36),, 3(37), 
z(38), r(42). " [p. 1016]. 
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Belasco's findings suggest that there is a cause 
and effect relationship between vowel duration and the 
voicing of a following consonant. He explains this causal 
relationship by what he calls the 'force of articulation' 
of consonants. Belasco maintains that vowel duration varies 
inversely with the degree of physiological energy required 
to pronounce the following consonant. His findings are 
summarised as follows "the anticipation of. a consonant 
requiring a 'strong' force of articulation will tend to 
shorten the preceding vowel since more of the total energy 
needed to produce the syllable is concentrated in the 
consonant. The opposite is true of'course when the consonant 
has a weak force of articulation. " Cloc. cit. ]. 
The influence of a following consonant on the 
duration of a tonic vowel in English raises serious linguistic 
implications and a number of researchers have been led to 
study the problem cross-linguistically using other languages 
besides English. For instance, Zimmerman and Sapon (1958) 
examined the relationship between vowel duration and a follow- 
ing consonant in English and Spanish. They decided to 
investigate whether "there appears to be any physioacoustic 
constant governing the duration of stressed vowels, or whether 
this apparent relationship is primarily a matter of linguistic 
structure. " [p. 1521. A list of words was prepared for each 
language. The lists were read by native speakers of the 
two languages. The English list consisted of 38 monosyllabic 
oxytonic words containing vowel [i] followed by all possible 
consonants. The Spanish list, on the other hand, contained 
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90 bisyllabic paroxytonic words using five vowels in the 
tonic position, and the vowels were also followed by all 
possible consonants. 
The choice of the examined materials was strongly 
criticized by Delattre (1962, p. 1142) in that it is unfair 
to compare bisyllabic paroxytones in Spanish pito/pido and 
monosyllabic oxytones in English niece/knees.. For Delattre 
a fair comparison would have been Spanish pito/pido with 
English bitten/bidden so as to have bisyllabic paroxytones 
in both cases. 
On the basis of the, samples studied, the findings 
for both languages indicate that vowels preceding voiced 
consonants are considerably longer than vowels preceding 
unvoiced ones. There is, however, an extremely large 
difference between the range of vowel duration in the two 
languages. The range in English is 136.0 msec; while it is 
only 36.1 msec in Spanish. Contrary to the results reported 
by Belasco (op. cit. ), the findings of Zimmerman and Sapon 
(op. cit. ) show that there is no consistent pattern in terms 
of place and manner of articulation of the following consonant 
regarding its effect on vowel duration and that their attempt 
to rank the duration of the vowels in accord with Belasco's 
notion of 'force of articulation' yielded negative results. 
These findings are also in agreement with those reported by 
House (1961) who states that the average duration of vowels 
varies markedly as a function of the phonetic environment and 
the primary influence is contributed by the voicing character- 
istic of the consonant; whereas the manner of production of 
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the consonant shows a smaller effect. The place of consonant 
production is found to have negligible influence on the 
duration of a preceding vowel. House remarks that the 
shortening of vowels preceding voiceless consonants "must 
similarly be attributed to an articulatory activity arbitra-- 
rily imposed by the phonological system of English that calls 
for the prolongation of vowels before voiced consonant 
sounds. " [p. 1177]. 
House's investigation (op. cit. ) was highly favoured 
by Delattre (1962) who presented new facts and new arguments 
to reinforce the theory according to which many variations 
in vowel duration are physiologically conditioned and that 
those conditioned variations, yet not phonemically learned, 
are due to factors that are cross-linguistically valid. 
Apart from stress and tempo, Delattre (ibid. ) suggests eight 
factors that may affect vowel duration in American English. 
Three of these factors are internal, i. e. in the vowel itself, 
and the other five are external factors all to be found in 
the single consonant that follows the vowel. The final 
conclusion he draws is that variations in vowel length are 
phonemically learned under only one of the eight factors. 
He calls this factor the 'abridging/expanding' factor which 
is commonly known as the lax/tense factor. Variations in 
vowel length are physiologically conditioned under the seven 
other factors. He notes that the possibility of conditioning 
factors being universal, i. e. operating cross-linguistically, 
is far from negligible. 
In his study of consonant gemination in four languages, 
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Delattre (1971) examined vowels preceding geminate and non- 
geminate consonants. He was curious to know whether the 
geminates would be preceded by shorter vowels than their 
single cognates. To his surprise, he found that they were 
not intrinsically shorter, and assumed that in distinguishing 
a geminate consonant from a single one, the duration of the 
preceding vowel is a negligible factor. From his six English 
subjects, he measured the duration of Ci] before Cnn] and [n], 
and of Ce] before [ss] and [s]. He obtained the following 
results: 
1 
I've seen Nelly. 
10(12.5) 
I've seen Elly. 
11(6) 
We see Nelly. 
9.9(7.5) 
The race sends. 
19 (22) 
The race ends. 
18.2 (12) 
The ray sends. 
20.1 (17) 
In the other three languages, namely German, French 
and Spanish, the results of vowel duration were comparable 
to those found in English. Vowels were shown to be only 
slightly shorter before geminates than before single 
consonants. The results, on the other hand, indicate that 
the [c] vowels were predominantly longer before a geminate 
than before a single consonant in the three languages. Vowel 
1. Averages (in csec) are followed by the duration of the 
consonant in parenthesis. (Delattre, ibid., p. 43). 
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[a] had the same tendency in Germany and French. Back vowels 
were mostly shorter when followed by a geminate in French 
and Spanish. 
Delattre (op. cit. ) points out that vowels are not 
significantly shorter before a geminate consonant than before 
a non-geminate counterpart, and that the duration of the 
preceding vowel is not a factor in the perception of consonant 
gemination. For him these results were unexpected because 
"vowels are shorter before a voiceless consonant than before 
a voiced one - an analogical condition with respect to the 
anticipation of a great effort. " [p. 112]. 
Delattre's findings seem to be in total agreement 
with those reported by McKay (op. cit. ). McKay found out 
that in his materials there were contrasting word pairs in 
which the vowels before the contrasting plosives were almost 
exactly equal in length despite the general occurrence of 
shorter vowels before medial geminate plosives than before 
the non-geminate ones. For him vowel length in Rembarrnga is 
considered as non-significant since there is no structural 
linguistic evidence for phonemic vowel length distinctions. 
The duration of the vowel occurring in certain 
syllabic conditions has also been subjected to some investi- 
gation. Peterson and Lehiste (1960) , for example, presented 
a study in which some of the characteristics of duration in 
English were examined. They contend that if the factors that 
condition the duration of syllable nuclei can be isolated 
and described, and if their influence on the syllable nucleus 
can be determined, the remaining durational differences may 
then be defined "as intrinsic durational differences associated 
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with each vowel pattern. " [p. 693]. 
Peterson and Lehiste (op-cit. ) used connected speech 
for their experiments and the investigated material consis- 
ted of two sets of data. The first set contained 1263 words 
which were selected on the basis of frequency of occurrence. 
They all had the same structure, consisting of one of fifteen 
common English syllable nuclei, preceded and followed by a 
consonant sound. The second set contained 70 minimally 
different words, including 60 CNC words forming 30 minimal 
pairs, and 10 disyllabic words constituting five additional 
minimal pairs. - The first set of words was recorded by one 
speaker in an identical sentence frame, with=fixed stress 
and pitch pattern; whereas the second set was recorded by 
five speakers who used the same frame sentence and stress 
and pitch pattern as the speaker for the first set. 
The analysed data indicate that the durations of 
all syllable nuclei in English are significantly affected 
by the nature of the consonants that follow the syllable 
nuclei. The influence of initial consonants upon the 
durations of the syllable nuclei is found to be negligible. 
The syllable nucleus appears to be generally shorter when 
followed by a voiceless consonant and longer. when followed 
by a voiced consonant. The data also suggest that plosives 
are preceded by the shortest syllable nuclei, and nasals 
have approximately the same influence as voiced plosives. 
Syllable nuclei are found to be longest before voiced 
fricatives. (See table 2.6 ). 
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Table (2.6) Duration (in csec) of syllable nuclei as 
a function of the following consonant. 
follawing duration of short duration of long 
consonant syllable nucleus syllable nucleus 
p 13.8 18.8 
b 20.3 30.7 
t 14.7 21.0 
d 20.6 31.8 
k 14.5 20.0 
g' 24.3 31.4 
m 22.0 31.3 
n 21.6 32.2 
U 21.8 35.0 
f 19.2 26.1 
v 23.1 37.4 
8 20.8 26.5 
26.0 38.1 
s 19.9 26.9 
z 26.2 39.0 
Jr 
21.2 27.8 
3 - 41.0 
r 22.6 29.6 
1 21.8 29.3 
tf 14.5 29.8 
d3 19.1 30.0 
(After Peterson and Lehiste, 1960, 
p. 702) 
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Fintoft (1961) conducted an investigation whose 
aim was to study the relation between long and short vowel 
and consonant sounds in Norwegian. The investigation also 
aimed at examining the effect vowels and consonants have 
on each other. It is a well-known fact that the length of 
a syllable is determined both by the vowel and by the follow- 
ing consonant. It also depends on the type of stress and 
its location. In Norwegian, as well as in many other 
languages, a short consonant follows a long vowel and a short 
vowel is followed by a long consonant or a group of consonants. 
Stressed syllables are always regarded as long syllables, and 
is comparatively rare-that short monosyllables occur without 
a consonant at the beginning or at the end. It-is also more 
usual to find in Norwegian a single consonant than-a combina- 
tion of consonants both at the beginning and the end of these 
words. 
The test items comprised a number of constructed 
words which were used in isolation. Each word began and ended 
with the same vowel or consonant sound. This made it possible 
to have combinations of consonants and vowels which formed a 
mixed list of words as well as nonsense syllables. The test 
items were chosen to have the following syllabic paradigm: 
VCV, VCCV, VC, VCC, CVC and CVCC 
where the (V) element is [a], Ci] or [u], and the (C) element 
is [f], [s], Cv], Cm], [n], Cl] or Cr]. Accordingly, words 
such as /asa/, /assa/, /sas/ and /sass/ were studied. Although 
meaningless utterances were included within the test items, 
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the subjects were forced to make a difference between long 
and short consonants. 
Fintoft's final results show that there is a sub- 
stantial difference between the duration of word-initial 
vowels followed by short consonants and those followed by 
long consonants. For instance, the mean duration of vowels 
followed by short consonants is about 200 msec; while it is 
only about 100 msec when long consonants exist. This is 
explained in terms of that the duration of vowels "depends 
to a great extent on the following consonant. " [p. 24]. 
Similarly, vowels in word-medial position are substantially 
longer before short consonants than before long consonants. 
In so far as consonants are concerned, the results 
denote that the duration of word-medial and word-final voice- 
less fricatives is significantly longer than that of all other 
consonants, and that long consonants are characterized by a 
somewhat longer duration than that of short consonants. In 
word-initial position, only the duration of Cs], [1] and Er] 
was examined. The results indicate that the average duration 
of Cs] is essentially longer than that of C1] and [r]. At 
the same time, the average durations of the syllables with 
short consonants are found to be longer than their correspond- 
ing partners with long consonants. The reason behind this is 
said to be mainly due to the fact that the vowels before 
short consonants is 1.5 -2 times longer than the vowels before 
long consonants; whereas long consonants are only 1.1 - 1.2 
times longer than short consonants. This makes it quite obvious 
that the duration of the vowels in Norwegian is of greater 
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importance to the duration of the syllables than is the 
duration of the consonants. Furthermore, Fintoft (op. cit. ) 
remarks that "the duration of the vowel is markedly dependent 
on the following consonant, but seems to be almost indepen- 
dent of the preceding consonant. It seems as if the duration 
of the vowel is only dependent on the immediately adjacent 
sounds. The duration of the vowels before 'short' consonants 
is substantially longer than before 'long' consonants. " Cp. 35]. 
Another investigation was undertaken by Sharf (1962) 
to find out whether the duration of intervocalic plosives or 
the vowels that precede them could act as sufficient clues to 
listeners in distinguishing between voiceless versus voiced 
plosives occurring in monosyllabic and bisyllabic words. Most 
of the words used in the study were members of minimal or 
near-minimal pairs differing only in the homorganic plosives. 
Word-pairs like cat/cad, cat /caddy, tack/tag, tacking/tagging, 
nap/nab and napping/nabbing were studied. 
Spectrographic inspection of the studied material 
shows that the duration ratio of vowels before voiceless and 
voiced consonants in monosyllabic words is 2: 3, and in bisyllabic 
words it is about 3: 4 for vowels preceding [p] and [b], and 
about 4: 5 for vowels preceding [k] and [g]. The average 
duration of vowels before [d] is 0.9 csec longer than it is 
before It]. The inspection also reveals that the closure 
duration ratio for [b] and [p] is about 2: 3, and it is about 
3: 4 for [g] and [k]. Sharf (ibid. ) considers the average 
difference in duration of 0.9 csec between vowels preceding 
It] and [d] as a sufficient cue in distinguishing them. 
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Schwartz (1969,1970), on the other hand, was 
interested in studying the influence of vowel environment 
upon the duration of fricative consonants. He devised 
experiments to consider the possibility of a different effect 
of vowel environment on the duration of [s] and CI]. Bisylla- 
bic. nonsense words of the pattern (VCV) were constructed in 
which the (V) element stands for either CiI or [a] in both 
positions. 
The analysis, of the data shows that [s] and CI] 
in the environment of Ci] appears to be longer than those in 
the environment of [a]. According to this finding, it is 
hypothesized that Eil has a lengthening effect upon both Csl 
and CI]; while [a] has the reverse effect. This suggests 
that the durational differences of Cs] and CI] are the result 
of an influence of the final vowel and not of the initial one. 
Schwartz (1969) reports that "this interpretation is drawn 
from the finding that the fricatives in the environment of 
/a - i/ and /i - i/ are significantly longer than those in the 
environment of /a -a/ and /i -a/ - whereas no significant 
fricative-duration differences exist between the /i - a/ and 
/a -a/ environments and between the /i -i/ and /a -i/ environ- 
ments. " [p.. 4811. It is speculated that the shorter duration 
before [a] represents an earlier release of the consonantal 
constriction which may be viewed as an anticipatory response 
to the greater spatial distances which must be covered by the 
articulators when proceeding from the fricative to [a] than 
when they proceed from the fricative to Ci]. 
In addition to the stimulus items examined in the 
first investigation, Schwartz (1970) inserted three plosives 
-141- 
after [s] to construct bisyllabic words having the pattern 
(VCCV) where the first (C) element was always [s] and the 
second was either Cpl, [t] or [k]. This procedure was 
devised to examine the duration of [s] in /s/-plosive 
combinations. 
The analyzed results indicate that there is a sig- 
nificantly shorter duration for [s] before [p] than before 
[t] and [k]. These findings suggest the existence of a 
coarticulation between the plosives and the preceding 
fricative. Schwartz (op. cit. ) states that "the significantly 
shorter duration of [s] before Cpl when compared to [t] and. 
[k] may thus be interpreted as a manifestation of a tendency 
to keep /s/ ---plosive durations constant in ongoing speech. " 
[p. 1144]. 
Contrary to those results reported by Schwartz (1969), 
Umeda (1977) conducted an experiment in which it was shown 
that the sequential effect of vowels on consonants was not 
seen in data from an extensive reading. The reason is 
probably because the effect was overshadowed by other higher- 
level factors when the speech material increased in complexity. 
Umeda (ibid. ) states that consonant durations are a function 
of six different factors. The factors are: 
(1) position of the consonant in the word; 
(2) its relation to lexical stress and morpheme boundary 
(if any) within the word; 
(3) whether it is in the postpausal position; 
(4) whether it is in the prepausal position; 
(5) content -function difference of the word; and 
(6) effect of adjacent consonant both inside the word and 
across the word boundary. 
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Two other major factors that determine the duration 
of a consonant in a vowel environment are also mentioned. 
The two factors are the position of the word-boundary and 
the position of stress. The first factor is related to 
whether the consonant is immediately after a word boundary, 
before the boundary, or inside a word; whereas the second 
factor is related to whether or not the consonant is at the 
head of a stressed syllable. The studied data indicate that 
consonants show quite regular durational behaviour when they 
are surrounded by vowels, but when adjacent to another 
consonant their durational patterns become complex. Generally, 
a consonant-is longer-when a voiced consonant precedes it 
than when a voiceless consonant does so. Cs] is found to be 
an exception among voiceless consonants; when it precedes CSJ, 
the latter becomes long. 
Following an earlier experiment carried out by House 
and Fairbanks (1953), Chen (1970) studied extensively the 
effect of following consonants on the preceding vowel length 
in English, French, Korean and Russian. He examined the 
variations of vowel length as a function of the [+ voice] 
feature of the following consonant. According to him such 
vowel durational differences are either language-specific, 
i. e. "primarily a matter of linguistic structure", or language- 
universal, i. e. "conditioned by an inherent physiological 
feature of articulation. " [p. 130]. The measurements obtained 
from 376 spectrograms taken from recordings of the four 
languages under investigation led Chen to conclude that varia- 
tions of vowel duration as a function of the voicing of the 
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following consonant is presumably a language-universal 
phenomenon; while the extent to which an adjacent voiced or 
voiceless consonant affects its preceding vowel duration is 
language-specific. It is determined by the phonological 
structure of the language. The word-list, of each language, 
was read by native speakers and care was taken to assure 
identical accentual patterns for each member of the minimal 
pair so as to "eliminate variability in duration due to 
suprasegmental features. " [pp. 130-1311. 
Chen's final results illustrate that in all four 
languages a vowel-is invariably longer before a voiced 
consonant than before a voiceless one. " (See table 2.7). For 
him such invariable variations of vowel duration depending 
on the voicing of the following consonant "can hardly be 
regarded as accidental. " [p. 1351. 
Based on his own findings and those reported by 
other researchers (e. g. Zimmerman and Sapon, op. cit., Fintoft, 
op. cit. ), Chen strongly concludes that the variability of 
vowel duration as a function of the [+ voice] feature of the 
following consonant is language-universal. These findings 
confirm that vowels generally tend to become longer before 
voiced consonants and shorter before voiceless ones. However, 
he remarks that the voicing of the adjacent consonant influences 
its preceding vowel to different degrees in different languages. 
He states that vowel duration in English varies "rather 
drastically depending on the following consonant. " [p. 138]. 
The vowel preceding a voiceless consonant is only 0.61 or less 
than 2/3 of that preceding a voiced consonant. The case seems 
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different in the other three languages. For instance, in 
French the ratio is 0.87 which means that the shorter vowel 
is only 13% less in duration than its longer cognate. 
The examined data show that the occlusion time before 
the release of voiceless plosives is appreciably longer than 
that before the release of voiced ones. The vowel duration 
is shown to vary inversely with the closure time of the follow- 
ing consonant. This is interpreted that the longer the 
closure time for voiceless consonant, the shorter the vowel 
length, and the other way round. As far as this point is 
concerned, Chen reviews Kozhevnikov-and Chistovich's (1965) 
consideration of the variability-of vowel duration, in question 
as "the assumed effect of the compensation of differences in 
the duration of closure by differences in the duration of the 
adjacent vowels; however, this compensation was not full. " 
[p. 107]. 
Table (2.7) A cross-linguistic view of vowel length variation 
as a function of the voicing of the following 
consonants. 
vowel length (in msec) 
before voiceless before voiced mean ratio consonants consonants difference 
English 146 238 92 0.61 
French 354 407 53 0.87 
Korean 91 119 28 0.78 
Aissian 131 160 29 0.82 
(After Chen, 1970, p. 138) 
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Nooteboom and Slis (1972) investigated the phonetic 
feature of vowel length in Dutch. They noted that their 
results confirm that consonants following a short vowel 
have a consistently longer duration than consonants follow- 
ing a long vowel. They found evidence which suggests that 
in nearly all cases the [p] consonants following the phoneti- 
cally short vowels have a longer duration than those follow- 
ing the phonetically long vowels. The duration of a Cpl 
following a short vowel, for instance, was about 10 ursec 
longer than that of a Cpl following a long vowel. They 
believe that "there is evidence from the literature that 
this longer duration is the result of a stronger closing 
command after short vowels. " [p. 315]. They contend that 
their findings are in harmony with those reported by other 
researchers, such as Fischer-Jgfrgensen (1969) who studied 
extensively the articulatory, acoustic and perceptual 
differences between consonants following German long and 
short vowels, especially in view of the perceivable difference 
between close and loose contact. 
Earlier, Slis and Cohen (1969) had reported that 
vowels preceding voiced consonants are generally longer than 
those preceding voiceless ones. The acoustic measurements 
show that if the consonants differ in voice character only, 
a particular vowel preceding a voiced consonant is always 
longer than when followed by a voiceless consonant within the 
same context. On the other hand, the perceptual tests 
indicate opposite results. Vowels preceding voiced consonants 
turn out to be 25 msec longer than those preceding voiceless 
-146- 
ones. The objective of these tests was to find out "whether 
a perpectual influence on the length of the vowel could be 
established depending on the voice character of the follow- 
ing consonant. " [p. 89]. 
It is a well-known fact that stressed vowels are 
shorter before voiceless consonants than before voiced ones, 
and that stressed vowels are shorter before an unstressed 
syllable in a bisyllabic word than in a monosyllabic word. 
(House and Fairbanks, 1953; Denes, 1955; House, 1961; 
Peterson and Lehiste, 1960; Lehiste, 1972). Klatt (1973) 
designed a set of test materials to study the interaction 
between these two rules and examine the validity of the 
'percentage change model' by inspecting one situation where 
two duration rules interact. He constructed a list of 80 
words half of which were monosyllabic words and the other 
half were bisyllabic words. The test words were spoken in 
frame sentence "in order to produce speaking rates more 
nearly in line with conversational speech and to avoid effects 
due to prepausal lengthening in utterance-final position. " 
Ep. 1102]. 
The final results suggest that vowels become strongly 
incompressible beyond a certain amount of shortening and 
that the stressed vowels tend to be shorter in the two- 
syllable words than in the one-syllable words. There is about 
twice as much shortening of a vowel when a second syllable 
is added to a word with voiced postvocalic consonant. 
Elsewhere, Klatt (1976) remarks that rules involving 
segmental duration may add and subtract increments to 
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durations, multiply durations by scale factors, or operate 
by more complex formulae. He states that "vowels shortened 
by one rule behaved as if they were now somewhat incompress- 
ible in the sense that both an additive change model and 
the percentage-change model predict a duration that is too 
small. " [p. 1215]. 
Recently, Port et al. (1980) have conducted two 
experiments to explore the effect of changing inherent 
consonant durations on adjacent vowel'in two languages. More 
specifically, they studied the effects'of changes in voicing 
and manner of 'apical obstruentst both in Arabic and Japanese. 
In their Arabic experiment they examined timing in 
words with [t], [d] and Cr] following the stressed vowel when 
spoken at three distinct speaking rates. The stressed 
vowel was either the short [a] or the long [aal. The 
investigators wished to know "if the voicing or manner change 
would affect the preceding vowel duration and whether there 
would be any inverse relation between the vowel and the post- 
stress consonant constriction at the three speaking tempos. " 
Cp. 237]. The results of this experiment give minimal evidence 
of temporal compensation in the studied Arabic syllables. 
There is no evidence that vowel lengthening for voicing of 
a subsequent consonant is related to the shortening of the 
consonant itself. In this respect, Arabic differs from 
English. The results indicate that the difference in duration 
between [d] and [t] is very small, which implies that (VC) 
duration is greater for the syllables with [d] than with [t]. 
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The only evidence of temporal compensation is the lengthen- 
ing of the vowel before the very short Cr]. 
The Japanese experiment was, on the other hand, 
devised to explore the question "as to how successful 
Japanese speakers will be at keeping the CV unit constant 
in duration if either two very long segments or two very 
short segments combine in a single syllable. " [p. 241]. For 
this experiment Port et aI. (op. cit. ) employed bisyllabic words 
containing the longest vowel [a], the shortest vowel [u], 
and four apical consonants ranging from the very long [s] 
to the very short flapped Cr]. 
In contrast to those results reported by Han (op. cit. ) 
the findings of this experiment do not support Hants 
specific proposal that "the domain of temporal compensation 
is strictly within the CV unit. " Cp. 244]. Temporal compensa- 
tion appears to extend across several syllables so that two- 
syllable units have a nearly constant duration despite the 
fact that great changes occur in the duration of individual 
consonants and vowels. Thus, vowels vary inversely with 
adjacent consonants, and consonants vary inversely with 
adjacent vowels and even with consonants in following syllables. 
Comparison between the results of the two experiments 
show that whereas in Japanese the preceding and following 
vowels compensate for the changes in consonant duration to 
about the same degree, in Arabic, on the other hand, the 
following vowel is unaffected by the consonant, and only the 
preceding vowel varies as a function of the consonant. Port 
et al. (op. cit. ) state that Arabic and Japanese appear to 
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behave differently from each other in similar contexts 
implying that these effects are not physiological necessit- 
ies. They represent timing behaviour that must be learned 
by speakers. 
The findings of Port et al. were later confirmed by 
Fledge and Port (1981) who also showed that in Arabic the 
duration of long vowels preceding voiced plosives, namely 
[d] and [g], was not significantly longer than vowels 
preceding voiceless plosives, namely Ct] and MI. This 
result seems to violate the claimed universality of the plo- 
sive.. voicing'effect on preceding vowel duration suggested 
by Chen (op. cit. ). Fledge and Port concluded on the basis 
of their findings that "this phonetic context effect on 
vowel duration may not be a phonetic universal as is often 
supposed'. " Cp. 131]. 
PART TWO 
PERCEPTION AND PRODUCTION OF GEMINATION 
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CHAPTER THREE 
INITIAL MEASUREMENTS AND ACOUSTIC CHARACTERISTICS 
OF CONSONANTS IN ISOLATE AND CONTEXTUAL 
UTTERANCES 
3.1 Introduction and Aims 
Relevant. studies on gemination for a number of 
different languages, as explained in Part One of this study, 
have shown that geminate consonants are longer than their 
single partners. For instance, Delattre's (1971) spectro- 
graphic and cineradiographic investigation of the phenomenon 
of gemination in four languages showed that the duration of 
a consonant is considered as a major factor in the linguistic 
functioning of gemination and that the duration of the 
preceding vowel is shown to be a negligible factor in the 
perception of consonant gemination, and vowels are not 
essentially shorter before a geminate consonant than before 
a non-geminate one. In their study of consonant duration in 
two different languages, Lehiste et al. (1973) confirmed 
that the duration of a single consonant is significantly 
shorter than that of its geminate counterpart, and that 
differences between single and geminate consonants in word- 
medial positions are strongly established. On the other 
hand, McKay's (1980) spectrographic investigation of word- 
medial plosive geminates in Rembarrnga indicated that the 
occlusion durations for geminate and non-geminate plosives 
showed that the geminates are considerably longer than the 
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non-geminates. In contrast to those results reported by 
Delattre (op. cit. ), McKay found that in some cases vowels 
are insignificantly shorter before the geminate consonants 
than before the non-geminate ones. 
Earlier, in section 1.3, it was mentioned that 
Arabic is a language which exploits gemination regularly 
and extensively in morphological processes, and that 
gemination is frequently - encountered 'in- the systems of 
derivation and inflection in its structure. Despite the 
large literature on Arabic dialects, one may contend that 
the whole matter. of gemination in Arabic needs more detailed 
investigation: "-There is'by'no manner of means any complete 
or satisfactory instrumental-study ortstructural description 
of the phenomenon of gemination in any variety of the Arabic 
language. Obrecht's (1965) perceptual investigation of 
Arabic geminate consonants, for example, was limited in 
scope. He only examined contrasts in three phonetic categor- 
ies and suggested that duration is regarded as the determin- 
ing cue factor to distinguish a single consonant from its 
geminate cognate in Arabic. Hassan's (1981) study, on the 
other hand, was mainly concerned with investigating experi- 
mentally vowel duration in Iraqi Arabic. His test stimuli 
to examine the durational differences between vowels preceding 
geminate consonants and those preceding non-geminate consonants 
were limited in number. However, his results indicated that 
geminate consonants are significantly longer than the non- 
geminate ones, and that vowels are essentially longer before 
single consonants than before their geminate partners. 
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The experiment to be described below is one of a 
series aimed at investigating the'significance of gemination 
in the Arabic language in general and in I. C. Arabic in 
particular. It also aims at investigating durational 
differences between single and geminate consonants occurring 
initially and medially in words pronounced in isolation and 
in words pronounced in a carrier sentence so as to determine 
whether or not duration can be considered as a major factor 
in the contrast between single and geminate consonants in 
I. C. Arabic. 
3.2 Experimental Procedure 
3.2.1 Selection of Stimuli and Recording Technique 
In this experiment two oppositions involving 
different contoid types were chosen; [s] versus Iss] and Ed] 
versus Edd], each in word-initial and word-medial position. 
The words /sabit/ 'Saturday' versus /ssabit/ 'the Saturday', 
/hasan/ 'Hasan' -a name of a male person - versus /hassan/ 
'he improved', /darub/ 'road, street' versus /ddarub/ 'the 
road, the street', and /badal/ 'substitute (n)' versus 
/baddal/ 'he altered' were selected for these oppositions. 
Therefore, discrimination between single and geminate 
fricatives and plosives was involved. All the test words 
selected for this experiment bear primary stress on their 
first syllables. A carrier sentence, viz. /'kithi 'sit max'raat/ 
'Write six times', was constructed in which these words 
were employed. Each isolate word or carrier sentence was 
repeated twice. 
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A list, making a total of 160 items, was recorded 
in the recording studio of the Phonetics Laboratory on high 
quality Ampex tape (type 1200). The tape recording speed 
was 7/"/sec, and the microphone used was AKG (type D202E1). 
The distance between the microphone and the mouth of the 
speaker was 30 an. The recorded items were distributed on 
10 individual runs. Each run comprised 16 words, i. e. 2 
tokens for each word. The first 5 runs contained the words 
spoken in isolation; the other 5 contained the words uttered 
in a carrier sentence. In each run the recorded items were 
randomized anew with'the help of a microcomputer (type 
Commodore PET 2001 series). The computer was placed in 
front of the speaker inside the recording studio while the 
recordings were made. It took 2 seconds between the appear- 
ance of one word and the next on the screen of the cxnputer while 
saying the words in isolation, and 3 seconds in the case of 
pronouncing them in a carrier sentence. The reason behind 
arranging the test words in random order was to avoid monotony 
and to make the enunciation of the sentences seem natural. 
The dummy word /kitaab/ 'book' was inserted at the beginning 
of each run. 
3.2.2 Subjects 
All the studio recordings were made by the experi- 
menter as his own subject. He was born in Basrah, one of 
the biggest cities in the southern region of Iraq. He had 
lived there almost all his life, and had been educated there, 
except for the years between 1960 and 1963 where he lived 
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in Baghdad to complete his higher education. He speaks a 
typical I. C. Arabic with a dominating accent of the city of 
Basrah. He has essentially normal speech and hearing. 
3.2.3 Instrumental Set-up 
Intensity level traces were obtained by playing 
back the recorded materials on a stereo tape-recorder (type 
Revox A77). The output of the tape-recorder was on channel 
1. The gain was set at 7 and the left/right balance was set 
at 12 o'clock. The output signals from the tape-recorder 
were fed into an intensity meter (made by"Frokjaer-Jensen 
Electronics): Three types of intensity level traces were 
obtained; high pass (H. P. for short) filtered at 3.9 kHz (log 
scale), H. P. filtered at 500 Hz (log scale) and low pass 
(L. P. for short) filtered at 500 Hz (linear scale). The out- 
put signals from the intensity meter were graphically recorded 
on a mingograph (type Mingograf 803 -Siemens Elema) and, 
thus, mingograms were made of the audio recordings. The 
speed of the mingograph paper was 5"/sec. Three different 
traces for three separate channels were marked on the paper. 
Channel 1 displays the trace of the H. P. filter (3.9 kHz) 
output, channel 2 displays the output of H. P. 500 Hz and 
channel 3 that of the 500 Hz L. P. filter. From the H. P. 
traces it was possible to identify fricative consonants. 
Vowels were easily identifiable from the L. P. traces as well 
as from the H. P. traces filtered at 500 Hz. Plosives, on 
the other hand, were identifiable at the baseline of almost 
all types of traces. See Fig. 3.1 for the block diagram used 
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Fig. (3.1) 
Description: 
A Revox tape-recorder (type A77). 
B Intensity meter (F-J Electronics). 
C Mingograph (type Mingograf - 803/Siemens Elema). 
Mingograph traces: 
0 Timer 
1 Channel 1 
at 3.9 kH 
2 Channel 2 
at 500 Hz 
3 Channel 3 
at 500 Hz 
showing intensity level H. P. filtered 
z (gain set at 711). 
showing intensity level H. P. filtered 
(gain set at 7). 
showing intensity level L. P. filtered 
(gain set at 7/). 
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in this experiment. 
In addition, the 700 spectrograph was exploited 
as a supporting technique to help solve some inevitable 
problems which would be encountered while making our 
segmentation. Therefore, the speeds of the two machines, 
namely the mingograph and the spectrograph, were set to 
match each other, i. e. about 129 mm/sec. 
When wide-band spectrograms were made for some of 
the studied items, the output of the Revox tape-recorder 
was set at 8+ channel 1 and the left/right balance was set 
at 12 o'clock. The input to the spectrograph was recorded 
at -0dB on the V. U. meter for the reference tone; whereas 
the input level of the spectrograph was set at 5. When 
producing the required spectrograms, the scan level of the 
spectrograph was always set at 1/ so that the V. U. meter 
was zero for the strongest items which would be considered 
as the norm for the other recorded items. This procedure 
was so done in order to get consistency of segmentation made 
on mingograms showing intensity level traces and another 
made on spectrograms for the same stimuli. 
3.2.4 Segmentation and Measurements Criteria 
Segmentation of speech sounds very often constitute 
a major difficulty confronting the researchers. Peterson 
and Lehiste (1960), for instance, reported that segmentation 
"has long been and continues to be a major problem in speech 
analysis. " Cp. 6941. This is largely due to the structure 
of the vocal system which is considered as a complex network 
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with many coupled or interacting components. The physio- 
logical complexity is also reflected in the acoustical 
structure of the produced sounds, for "the acoustical signal 
does not show a simple one-to-one correspondence between the 
physiological and the acoustical patterns. " (Peterson, 1955, 
p. 418). Peterson illustrated this fact by stating that an 
intervocalic voiceless plosive may involve a considerable 
period of silence during which major portions of the vocal 
mechanism are in motion. 
Phoneticians have for a long time realized the 
difficulty of segmenting the continuous speech signal into 
a succession of discrete segments. Abercrombie (1965), for 
instance, was well aware of this fact when he remarked that 
the concept of the speech sound as a stable posture of the 
vocal organs is a fiction. He believes that a parametric 
approach is more useful, in as far as the linguistic sciences 
are concerned, than a segmental approach, and that the 
segmental approach is now giving way to the parametric 
approach. He states that "The division of speech into 
phoneme-representing segments represents a division at right- 
angles to the time axis, whereas the division into parameters 
is a division parallel to the time axis. " [p. 123]. Laver 
(1970), on the other hand, seems to be in total agreement 
with Abercrombie's contentions. He claims that the parametric 
approach looks upon the physiological system for speech as 
"a single, complex system in which the continuous interacting 
activities of the various linked components are intricately 
coordinated in time. " Cp-. 531. According to him, the para- 
metric approach leads fairly directly to an interest in the 
-159- 
neural control systems capable of coordinating the complex 
movements of the vocal organs during speech production. 
' 
Raphael et al. (1980) state that generally there is no 
acoustic criterion that directly divides the speech stream 
into segments corresponding in size to consonants and vowels. 
This, they believe, is due to the fact that the processes 
of articulation, and especially of coarticulation, cause the 
phonetic information to be overlapped as it is encoded in 
the acoustic signal*and,, consequently, "the segments of the 
signal, however defined, cannot be matched straightforwardly 
to the segments of the phonetic message. " Cp. 2971.. ' Earlier, 
Liberman'et al. '(1967) pointed to the same fact. They contend 
that if one examines the acoustic cues more generally, one 
will find that "successive phonemes are most commonly merged 
in the sound stream. " [p. 441]. This contention led them to 
suggest that segmentation exhibits a complex relation between 
linguistic structure or-perception, on the one hand, and the 
sound stream on the other. Nevertheless, the boundaries of 
certain speech sounds may unambiguously be defined. House 
and Fairbanks (1953) claimed that "the identification of the 
beginning and end of a vowel surrounded by consonants is an 
arbitrary act that is both difficult and artificial. Location 
of these points was aided by the relative clarity with which 
they are shown in sound spectrograms. " [p. 107]. 
Investigators of speech sounds have employed various 
advanced techniques for the purpose of segmenting speech 
1. However, Roach and Roach (1983) have recently shown that it is possible to segment continuous speech into discrete 
acoustic segments automatically with sufficiently sophisticated 
rules, with a reasonable degree of accuracy. 
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utterances. They believe that for purposes of automatic 
speech recognition, it is obviously necessary to use some 
procedure for segmentation or quantization. (Preston and 
Lehiste, op. cit. ). They also believe that there are 
circumstances in which it is feasible to signal out, without 
ambiguity, the points where a certain speech sound initiates 
and/or terminates within a higher-level phonological unit. 
They claim that some segmental boundaries can be established 
with considerable precision from acoustic records. Meanwhile, 
there are other circumstances where it is very difficult to 
specify the points of segmentation. Still, one can say that 
the problem is not so much in measuring as in determining 
the points at which to perform the measurements. (Lehiste, 
1970). 
In our present experiment we have relied on the 
variations indicated by the intensity level traces for the 
purpose of determining segmental boundaries and for measur- 
ing their acoustic durations on the obtained mingograms. An 
attempt was made to specify the relevant procedures for 
segmentation to make durational measurements easier. These 
procedures can by no means be considered universal. The L. P. 
intensity level traces filtered at 500 Hz were used for 
making our acoustic segmentation and measurements. The H. P. 
intensity level traces filtered at 500 Hz were found to be 
a useful support to which we had recourse when making our 
segmentation of the consonants, and especially of the frica- 
tives. The durational measurements were made between points 
in time at which the intensity level traces crossed a thres- 
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hold value of intensity level which was arbitrarily set at 
26 dB above the baseline, i. e. OdB. The 26dB level was 
accepted as a reference level and was employed for all the 
measurements of the vowels as well as the consonants. The 
choice of this arbitrary threshold value was found to be most 
suitable for making our measurements partly because it allows 
durational measurements for those consonants and unstressed 
vowels whose peaks-might not go higher than 26dB, and partly 
because it brings about almost perfect correspondence between 
durations made on mingograms and those made on-some spectro- 
grams. See Fig. 3.2. 
In cases-where the . intensity level traces did not 
reach the reference level, the segmental boundaries were 
determined by looking at the points where the intensity level 
traces did not fall as far as the arbitrary threshold value, 
i. e. the reference level. The points at which sudden changes 
of either rises or falls of the intensity level traces were 
considered as points representing the beginning and the end 
of a vowel. These rises and falls correspond to similar 
patterns on spectrograms. For example, a sudden and steady 
rise in the intensity level trace to a higher level usually 
corresponds to the commencement of those patterns which are 
heavily marked for higher formants characterizing vowel sounds 
on spectrograms. These points were marked, where applicable, 'by the 
two letters . (c) and (d) on the mingograms. Aiming at getting accuracy 
in our measurements, vertical lines were drawn from these 
points down to the reference level. The two letters (a) and 
(b) were meant to represent the beginning and the end of a 
-162- 
vocalic segment on the reference level. See Fig. 3.3. 
While carrying out the durational measurements, 
whether they were in words spoken in isolation or in a 
carrier sentence, the starting and the ending points of the 
entire word or the carrier sentence were also determined. 
The point at which the intensity level traces departed from 
the baseline was regarded as the initial point of the word 
or the carrier sentence, and the point at which they came to 
meet again was regarded as the terminal point. 
Despite the difficulty usually encountered in 
demarcating the beginning of a plosive consonant occurring 
word-initially, the following criteria were adopted while 
making our segmentation. The point where there was an abrupt 
rise of the intensity level trace, indicating the initiation 
of a following vowel, was taken to represent the end of the 
plosive sound. The beginning of the release of the plosive 
was, then, specified from a point where a short single spike 
started. Peterson and Lehiste (op. cit. ) noticed the same 
observation while they were making their measurements on the 
spectrograms. They remarked that "after voiced initial 
plosives, the period of aspiration was absent, but the period 
of frication following the spike was usually more prominent 
than in the case of voiceless plosives. " [pp. 694-695]. The 
spiky curve was clearly distinguishable on the L. P. intensity 
level trace, and particularly in the case of the geminate 
[dd]. See Fig. 3.4. In our measurements the spiky curve of 
word-initial [d] and [ddl was included. Similarly, the 
aspiration phase of the voiceless plosive [t] was included 
in the measurements when it occurred word-finally, as in 
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/sabit/ and /ssabit/. See Fig. 3.2. 
Generally speaking, the durational measurements 
of the fricative consonants were easy to carry out. The 
boundaries of the vocalic segments, whether they were 
preceded or followed by a voiceless fricative such as the 
sibilants [s] and Cssl, or the pharyngeal [h], were very 
clear. See Fig. 3.5. Contrary to the plosive consonants, 
the fricatives occurring initially in a word-were character- 
ized by having their intensity level traces high above the 
baseline on both H. P. intensity level traces; whereas they 
took the same level as that of the baseline on the L. P. traces. 
No spiky curves were seen to initiate voiceless fricatives 
in word-initial position. See Fig. 3.2. 
Other problems in segmentation were encountered 
while determining the boundaries between a vowel and a word- 
final nasal or lateral consonant, as in the words /hasan/, 
/hassan/, /badal/ and /baddal/. The intensity level traces 
of the second vowel [a] together with those of the following 
nasal or lateral seemed as if they were to form a succession 
of closely linked peaks that ended in a gradual descending 
curve. In order to set this problem in clear perspective, 
the first sharp fall taking place within this succession of 
peaks was considered as the ending point of the preceding 
vowel as well as the starting point of the following nasal 
or lateral consonant. The lateral consonant was seen to 
continue its sharp successive spiky traces, in their descend- 
ing scale, on the H. P. traces filtered at 500 Hz; while they 
died away in a rapid steep fall in the case of the nasal 
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8000 Hz 
7000 H2 
6000 Hz 
5000 Hz 
4000 H2 
3000 Hz 
2000 H2 
1000 H2 
Timer 
H. P. 3.9kH 
H. P. 50xHz 
L. P. 500 Hz 
Fig. (3.2) Spectrogram and mingogram of the word /ssabit/ said in 
isolation. On the mingogram, a and b are points in time 
where the L. P. intensity level trace crosses the 
arbitrary threshold value of 26dB. The distance between 
these two points represent the duration of the two vowels 
[a] and [i]. 
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_ 
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4000 Hz - 
3000 Hz - 
2000 Hz - 
1000 Hz - 
Timer 
H. P. 3.9kHz 
H. P. 500 Hz 
L. P. 500 Hz 
Fig. (3.3) Spectrogram and mingogram of the word/baddal/ said in 
isolation. On the mingogram, c and d are points in 
time where sudden changes of slope occur in which the 
intensity level trace does not reach the threshold 
value of 26 dB. 
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Timer 
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H. P. 500 Hz 
L. P. 500 Hz 
Fig. (3.4) Spectrogram and mingogram of the word /ddarub/ said 
in isolation 
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Fig. (3.5) Spectrogram and mingogram of the word /hassan/ said 
in isolation 
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consonant. See Fig. 3.3. This problem was also encountered 
by Peterson and Lehiste (op. cit. ) who claimed that word- 
final C1] and Cr] presented particularly difficult problems 
in their segmentation. They frequently found that "the 
formant movements were quite smooth, and the establishment 
of a boundary on the basis of broad-band spectrograms was 
questionable. " Cp. 6981.. This is, most-likely, why their 
segmentation was supported by intensity level curves which 
they found very helpful in instances where the vowel had an 
intrinsic energy which. was considerably different from that 
of C1] or Cr]. In our data'f the flapped Cr] pronounced 
intervocalically produced similar traces to those of a 
preceding or following vowel, i. e. it began with a sharp 
rise and ended with a steep fall. 
Notwithstanding the above-mentioned problems in 
segmentation, one can claim that measurements taken from 
intensity level traces are felt to be most reliable for 
determining durations for both vowels and consonants. Mingo- 
grams of intensity level traces are especially useful in 
measuring the durations of very short consonants and 
unstressed short vowels which often make segmentation on 
spectrograms rather troublesome. 
3.3 Analysis of Results 
The measurements of duration which were obtained 
after making the segmentation of the recorded stimulus items 
indicate that geminate consonants are considerably longer 
than their non-geminate partners whether they are spoken in 
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isolation or in a carrier sentence. 
Based on the measurements for 40 words, where the 
durations of initial [sJ and Ess] were calculated, durational 
differences between single and geminate consonants are clear. 
They are shown in tables 3.1 and 3.2 where the mean duration 
of [s] is 187 ursec when pronounced in words spoken in isola- 
tion and 138 msec when pronounced in words spoken within a 
carrier sentence; whereas it is 325 msec for Cssl when 
pronounced in words uttered in isolation and 219 msec when 
uttered within a carrier sentence. In the same way, measure- 
ments were also made for 40 words in which [sI and Css] were 
used word-medially, and the durational differences showed a 
similar trend to that of word-initial [s] and Ess]. They 
are shown in tables-3.3 and 3.4 where the. mean duration of 
[s] is 121 msec when pronounced in words spoken in isolation 
and 102 msec when pronounced in words used in a carrier 
sentence. Ess], on the other hand, has the mean duration of 
254 msec when uttered in words said in isolation and 209 msec 
when uttered in words said in a carrier sentence. 
Since the aim of this experiment was to investigate 
durational contrasts between geminate and non-geminate 
consonants in two oppositions involving different contoid 
types in I. C. Arabic, measurements were also made for the two 
plosives Ed] and [dd], and 80 words in which these two 
consonants contrasted, either initially or medially, were 
segmented and the closure durations of the two contrasting 
sounds were measured. Albeit it is not easy to measure 
accurately the duration of a plosive consonant occurring 
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initially in words pronounced in isolation, an attempt was 
made1 to measure the closure duration of initial CdI and Cdd] 
pronounced both in words spoken in isolation and in words 
said in a carrier sentence. Considerable durational differ- 
ences were noticed, and the geminate Cdd] was found to be 
several times longer than its non-geminate counterpart Cd], 
especially when the two plosives occurred medially in words 
uttered in a carrier-sentence. The durational differences 
are shown in tables 3.5-3.8, where tables 3.5 and 3.6 indicate 
that the mean duration of word-initial Cd] is 73 msec when 
pronounced in words said in isolation and 46 msec when pro- 
nounced in words used-in a carrier, sentence.. Cdd] has the 
mean duration of 224 msec. when uttered in words spoken in 
isolation and 156 ursec when uttered in words used in a carrier 
sentence. In word-medial position, Cdr has the mean duration, 
of 29 msec when pronounced in words spoken in isolation and 
24 msec when pronounced in words said in a carrier sentence; 
whereas Cdd] has the mean duration of 153 msec when pronounced 
in words said in isolation and 142 msec when pronounced in 
words spoken in a carrier sentence. 
In addition to the measurements made for the 
segmental units individually, i. e. [s] versus [ssl and Cd] 
versus Cdd1, either in word-initial or word-medial positions, 
measurements for the other sound components forming the whole 
target word, whether enunciated in isolation or within a 
carrier sentence, were also made. The durational measurements 
of these target words are shown in tables 3.9 - 3.24. 
1. See section 3.2.4 for details. 
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Tables 3.9 - 3.12 indicate that the duration of 
the geminate consonant CssI in the word /ssabit/ is consid- 
erably longer than that of its single cognate [s] in the 
word /sabit/. The difference in duration between these two 
cognate sounds helped, to a great extent, in the resultant 
difference of the ultimate durations of the two words whether 
uttered in isolation or in a carrier sentence. The total 
mean durations of the word /sabit/, as shown in these tables, 
are 655 msec and 402 msec; whereas the word /ssabit/ has the 
total mean durations of 755 ursec and 486 msec, respectively. 
The vowel sound [a] is almost of the same durational value 
in both words, especially, when the words /sabit/ and /ssabit/ 
were pronounced in a carrier sentence, see tables 3.11 and 
3.12. The word-medial plosive consonant [b] has the durational 
value of 45 msec when the word /sabit/ was said in isolation 
or in a carrier sentence; while the difference is clear in 
the case of the word /ssabit/, see tables 3.10 and 3.12. 
The durational difference in the. enunciation of the voiceless 
denti-alveolar plosive It] occurring finally in the two words 
is mainly due to the result of having a longer aspiration 
following the It] of the word /sabit/ than in that of the 
word /ssabit/. This phonetic phenomenon was observable in 
almost all measurements made on the mingograms for both words 
said in isolation. On the other hand, the long aspiration 
phase that accompanied word-final It] in the two words dis- 
appeared when the same words were spoken in a carrier sentence. 
This is due to the effect of the adjacent voiceless sibilant 
sound Cs] that initiates the word /sit/ 'six' following the 
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two words /sabit/ and /ssabit/. [t] was found to be longer 
in /sabit/ than that in /ssabit/ when both words were said 
in isolation. However, the reverse was found in the event 
of pronouncing the two words in a carrier sentence. Vowel 
[il in /sabit/ was almost of the same durational value as 
that in /ssabit/ when both words were spoken in isolation. 
The durational difference is noticeable when they were spoken 
in a carrier sentence, see tables 3.11 and 3.12. 
Similarly, the durational measurements made for 
the two words /hasan/ and /hassan/ indicate that there is a 
considerable difference in the duration of the total word. 
In tables 3.13 -_3.16, it is shown that the word -/hasan/ has 
the mean duration of 636 msec when said in isolation and 487 
ursec when used in a carrier sentence; whereas the word 
/hassan/ has the mean duration of 825 msec and 615 msec when it 
is spoken in isolation and in a carrier sentence, respectively. 
It is also observed that the duration of the geminate [ss] 
in /hassan/ is twice that of the single [sl in /hasan/ whether 
the two words are pronounced in isolation or in a carrier 
sentence. The voiceless pharyngeal fricative [h] is seen to 
be longer in the former word than that in the latter word when 
they are pronounced in isolation; a durational difference 
that is maintained when the two words are used in a carrier 
sentence, see tables 3.15 and 3.16. Besides, the nasal sound 
[n], occurring word-finally, has a considerably longer duration 
when the words /hasan/ and /hassan/ are spoken in isolation 
than when they are inserted in a carrier sentence. The 
duration of vowel [a] in the first syllable of the word /hasan/ 
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is almost the same as that of the word /hassan/ when both 
words are enunciated in isolation or in a carrier sentence. 
The duration is found to be only 1 or 2 msec longer in /hasan/ 
than that in /hassan/. Similarly, the durational difference 
between vowel [a] in the second syllable of the two words is 
also found to be negligible; it is only 2 msec longer in 
/hassan/ than that in /hasan/, see tables 3.13 -3.16. To our 
surprise, however, we find that vowel [a] in the second syllable 
is longer than that in the first syllable when both words are 
spoken in a carrier sentence. A fact that may be in complete 
contradiction with most researchers who claim that vowels 
occurring in stressed-syllables are usually longer than those 
occurring in unstressed syllables. In this respect, one may 
suggest that presumably there is some effect on the duration 
of the preceding vowel [a] caused by the fact that [s] and Css] 
are both voiceless, while Cn1 is voiced. 
1 Researchers (e. g. 
Peterson and Lehiste, 1960; House, 1961; House and Fairbanks, 
1953; Klatt, 1973) have long observed the fact that, for 
instance, in English vowels are generally longer before voiced 
consonants than before voiceless ones. Moreover, Chen (1970) 
presented further evidence when he found in his investigation 
on four languages (see section 2.4) that vowel duration varies 
as a function of the voicing of the following consonant and 
that a vowel is longer before a voiced consonant than that 
before a voiceless consonant. 
In so far as the contrast between the words /darub/ 
versus /ddarub/ and /badal/ versus /baddal/ is concerned, 
1. " Refer to what is said about /badal/ and /baddal/ later in 
this section. 
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table 3.17 -3.20, for instance, indicate that the duration 
of the initial geminate consonant Cdd] in the word /ddarub/ 
is considerably longer than its non-geminate counterpart Ed] 
in the word /darub/ no matter whether these words are said 
in isolation or in a carrier sentence. The durational 
differences between the two consonants also made a substan- 
tial contribution to the overall difference of the duration 
of the two words. The total mean durations of the word 
/darub/, as shown in these tables, are 447 msec and 352 msec; 
whereas the word /ddarub/ has the total mean durations of 
603 msec and 463 msec, respectively. The vowel sound [a] is 
seen to be slightly longer in /ddarub/ than that in /darub/ 
when both words are spoken in isolation; the difference is 
still negligible when the two words are spoken in a carrier 
sentence, see tables 3.19 and 3.20. Nevertheless, [a] is 
clearly longer in words pronounced in isolation than in those 
said in a carrier sentence. The flap [r] is also found to 
be slightly longer in /ddarub/ than that in /darub/ when the 
two words are spoken in isolation. It behaves conversely 
when they are spoken in a carrier sentence. Surprisingly, 
vowel Eu], occurring in the second syllable, has exactly the 
same durational value in both words. It is noticeably longer 
in words pronounced in isolation than in those pronounced 
in a carrier sentence. Despite the negligible durational 
difference between word-final [b] in /darub/ and that in 
/ddarub/, it is found that it is longer in words uttered in 
isolation than in those spoken in a carrier sentence. 
Tables 3.21 -3.24 show us the durational measurements 
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made for the words /badal/ and /baddal/. They also indicate 
that there is a considerable difference in the overall 
durations of the two words. The word /badal/ has the total 
mean duration of 497 ursec when said in isolation and 385 
msec when pronounced in a carrier sentence. The word /baddal/, 
on the other hand, has the total duration of 649 msec when 
spoken in isolation and 517 msec when used in a carrier 
sentence. Making a close inspection of these tables, one 
can see that the geminate Cdd] is several times longer than 
its non-geminate partner Ed] whether they occur in words 
spoken in isolation or in words pronounced within a carrier 
sentence. The word-initial Ebl is longer in /baddal/ than 
in /badal/, and the durational difference is still clear 
between that pronounced in isolated words and another used 
in words spoken in a carrier sentence. On the other hand, 
the word-final lateral sound [1] shows exactly a similar 
trend to that of-the word-final nasal sound [n] in /hasan/ 
and /hasan/, compare tables 3.21 -3.24 with tables 3.13 -3.16. 
By the same token, C1] is found to be considerably longer 
when enunciated in isolated words than in words used in a 
carrier sentence. The durational difference between vowel [a] 
in the first syllable of the two contrasting words is found 
to be negigible; [a] is only 3 msec longer before Cdd] than 
that before Ed] both in words spoken in isolation as well as 
in others spoken in a carrier sentence. Nevertheless, [a] 
is considerably longer in the first syllable than that in 
the second syllable in all cases. 
' 
1. Our discussion of the measurements of the sound components 
of the entire word, whether spoken in isolation or in phrasal 
context, leads us to the notion of temporal compensation which 
will be discussed in some detail in section 5.18.1. 
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Finally, it is worth mentioning that the durational 
measurements presented in these tables show clearly that 
consonants, whether they are singles or geminates, are . 
longer when they are pronounced in words said in isolation 
than when they are uttered in words used in a carrier 
sentence. These tables also show us that the same consonants 
are longer when they occur word-initially than when they 
occur word-medially. The standard deviation, i. e. S. D., is 
found to be greater with the geminates than with the non- 
geminates. It is also greater with words spoken in isolation 
than with those spoken in a carrier sentence. 
3.4 Discussion 
Now, after making all these durational measurements 
referred to in the tables mentioned' above, it seems quite 
evident that a comparison between single and geminate 
fricatives and/or plosives indicates that geminate consonants 
are considerably longer than their non-geminate counterparts 
no matter whether they are said in isolated words or in words 
produced in context. A geminate fricative, for instance, is 
almost twice as long as its single cognate when occurring in 
the same phonetic context;. a fact that can be confirmed by 
having a glance at the durational measurements given in tables 
3.1 -3.4. In the case of the plosives, on the other hand, 
duration plays a distinct role in distinguishing single 
consonants from geminate ones. The closure duration of the 
geminate Cdd] is about three or four times longer than that 
of the non-geminate [d]. The durational measurements given 
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in tables 3.5 -3.8 show this fact quite clearly. 
It seems interesting to note that the differences 
in closure duration between geminate and non-geminate 
consonants found in this experiment for denti-alveolar 
plosives in I. C. Arabic are, in some way or another, compar- 
able with those reported by Lehiste et al. (op. cit. ) between 
single and geminate plosives in Estonian. According to them, 
differences between short and long medial geminates were 
firmly established. They were not only manifested by 
differences in duration but also "by emg duration and by 
differences in the number of emg peaks. " Ep. 1471.. They 
stated that. closure duration served as a very effective 
parameter in distinguishing among. the intervocalic consonant 
lengths in Estonian and in differentiating between pre- and 
post-junctural occurrences of consonants in English. However, 
the differences in I. C. Arabic for initial and medial 
contrasts between geminate and non-geminate denti-alveölar 
plosives are considerably greater than those found by Lehiste 
et al. (op. cit. ) between geminate and non-geminate bilabial 
plosives in Estonian. They are even greater than those 
differences found by McKay (op. cit. ) between single and 
geminate plosives in medial positions in Rembarrnga. 
As for the contrasts between single and geminate 
fricative consonants, the results obtained in this experiment 
are in complete discrepancy with those reported by Obrecht 
(op. cit. ) in the contrast between [, 51 and [$q]. Obrecht 
states that the results of his experiment are less clear-cut 
in fricatives than in nasals and plosives. He believes that 
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the reason is because of the nature of the phonetic opposi- 
tion being manipulated. If his results are compared with 
those in our present experiment, we find that the case is 
the reverse. Measurements of duration for [s] and Css] in 
both word-initial and word-medial positions indicate that 
the geminate denti-alveolar fricative [ss] is distinguished 
from the non-geminate [s] in that the former is characterized 
by a noticeable longer duration of noise. This fact, 
undoubtedly, emphasizes the significance of duration as 
being a cue factor in the contrast between single and 
geminate consonants. Besides, **the mingograms obtained from 
the audio recordings of the stimulus items reveal typically 
that geminate fricatives are clearly characterized by a 
longer and more prominent burst of noise than the non-geminate 
ones, and by a longer and more abrupt closure for geminate 
plosives than their single counterparts. This phonetic 
observation was also reported by McKay (op. cit. ) who stated 
that "these characteristics of the geminate stops may be 
considered indicators of fortis or tense articulation. " [p. 346]. 
In so far as the durations of the other sounds in 
the test words are concerned, it is found that in I. C. Arabic 
vowels occurring in stressed positions seem to maintain their 
original length whether they precede or follow a geminate 
consonant, and whether they exist in words spoken in isolation 
or in words pronounced in a contextual utterance. For instance, 
the vowel [a] has the mean duration of 99 ursec in the word 
/sabit/ and 95 msec in the word /ssabit/ when both words are 
uttered in isolation. The same vowel has the mean duration 
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of 81 msec in the two words when they are said in a carrier 
sentence. This fact also applies to vowel [a] when it 
pies a geminate consonant or its single counterpart in 
all our test words whether they are spoken in isolation or 
in a carrier sentence, see tables 3.9 -3.24. 
Delattre (op. cit. ) tried to find out whether 
geminate consonants would be preceded by shorter vowels than 
the corresponding single consonants. To his surprise, he 
found that "it was not the case, or at least not in a sig- 
nificant manner. " [p. 43]. He claimed that in French, German 
and Spanish,. vowel-duration results were comparable to those 
of English,.. i. e. vowels-before geminates were. on the average 
only slightly shorter than vowels. before single consonants. 
l 
He added that a vowel preserved its original length despite 
a practical doubling of the following consonant's duration. 
Delattre, then, came to the conclusion that "in distinguish- 
ing a geminate from a single consonant, the duration of the 
preceding vowel is a negligible factor. " [p. 44] 
In his investigation for medial plosive gemination, 
McKay (op. cit. ) reached the same conclusion as that of 
Delattre. Although he found in some cases that shorter 
vowels occurred before the geminate plosives than before 
their single partners, he stated that "there was no structural 
linguistic evidence for phonemic vowel length distinction. 
The length of vowels has been interpreted here as insignifi- 
cant. " Cp. 3463. Looking at the measurements shown in tables 
3.9 -3.24 of our present experiment, it clearly seems that 
1. Underlining mine. 
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our findings are fully in agreement with those reported by 
Delattre and McKay. Our results indicate that vowels pre- 
ceding single consonants are not essentially longer than 
those preceding-geminate consonants, and that the duration 
of the preceding vowel--can-be considered as a negligible 
factor when discriminating between a single consonant and 
its geminate cognate. 
1 
The final conclusion to be drawn from this experi- 
ment is, then, that duration is regarded as a major factor 
in discriminating geminate consonants from non-geminate ones 
in I. C. Arabic. . Geminate consonants are shown to be consider- 
ably longer than their, single partners no matter whether they 
occur word-initially or word-medially. Other secondary 
factors that help-in the discrimination between the two 
phonetic categories may also exist. Proofs of such existence 
will be verified by further experiments. It is important to 
bear in mind the possible effects of producing words in 
isolation or in context, and our study of the duration of 
consonants in I. C. Arabic has been designed to clarify these 
effects. 
1. This point will be further dealt with in Chapter Six of 
this study. 
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Table (3.1) Durations (in msec) of word-initial [s] and 
[ss] used in words spoken in isolation. 
Tokens Esl Ess] 
1 171 318 
2 186 295 
3 194 326 
4 217 349 
5 194 295 
6 186 341 
7 194 331 
8 171 326 
9 182 341 
10 171 326 
Mean 187 325 
S. D. 14 18 
Table (3.2) Durations (in ursec) of word-initial [s] and 
Ess] used in words spoken in a carrier sentence. 
Tokens ' Cs) Css] 
1 140 225 
2 147 225 
3 147 217 
4 132 213 
5 132 225 
6 143 225 
7 132 225 
8 144 202 
9 132 225 
10 132 209 
Mean 138 219 
S. D. 7 9 
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Table (3.3) Durations (in msec) of word-medial [s] and 
Iss] used in words spoken in isolation. 
Tokens [s] Css] 
1 116 248 
2 116 248 
3 128 248 
4 124 287 
5 116 248 
6 120 295 
7 124 225 
8 128 240 
9 120 248 
10 120 248 
Mean 121 254 
S. D. 5 21 
Table (3.4) Durations (in msec) of word-medial [s] and 
Ess] used in words spoken in a carrier sentence. 
Tokens Cs] Css] 
1 105 225 
2 109 194 
3 109 225 
4 101 198 
5 109 256 
6 93 202 
7 85 194 
8 93 194 
9 116 202 
10 101 202 
Mean 102 209 
S. D. 10 20 
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Table (3.5) Durations (in msec) of word-initial Cd] and 
Cddl used in words spoken in isolation. 
Tokens [d] Edd] 
1 85 217 
2 62 225 
3 78 256 
4 85 236 
5 70 209 
6 62 186 
7 85 225 
8 78 221 
9 54 225 
10 74 235 
Mean 73 224 
S. D. 11 18 
Table (3.6) Durations (in msec) of word-initial [d] and 
Edd] used in words spoken in a carrier sentence. 
Tokens [d] Cdd] 
1 43 155 
2 39 159 
3 62 171 
4 47 186 
5 47 155 
6 47 140 
7 39 163 
8 39 155 
9 50 140 
10 50 140 
Mean 46 156 
S. D. 7 15 
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Table (3.7) Durations (in msec) of word-medial [d] and 
Cdd] used in words spoken in isolation. 
Tokens Ed] Edd] 
1 31 155 
2 31 147 
3 31 147 
4 27 147 
5 23 143 
6 23 163 
7 31 155 
8 23 155 
9 31 163 
10 25 155 
Mean 29 153 
S. D. 4 7 
Table (3.8) Durations (in ursec) of word-medial Cd] and 
Cdd7 used in words spoken in carrier sentence. 
Tokens Ed] Cdd] 
1 16 132 
2 23 140 
3 31 132 
4 27 140 
5 23 140 
6 16 155 
7 39 147 
8 16 143 
9 23 155 
10 23 132 
Mean 24 142 
S. D. 79 
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Table (3.9) Duration (in msec) of the word /sabit/ spoken 
in isolation. 
Tokens s a b i t 
Total 
word 
1 171 101 23 85 240 620 
2 186 89 70 62 225 632 
3 194 101 35 85 233 648 
4 217 109 31 101 240 698 
5 194 97 39 93 229 652 
6 194 101 35 93 233 656 
7 194 105 50 93 229 671 
8 171 85 62 93 217 628 
9 182 93 54 78 248 655 
10 171 105 47 97 267 687 
Mean 187 99 45 88 236 655 
S. D. 14 8 15 11 14 25 
Table (3.10) Duration (in msec) of the word /ssabit/ spoken 
in isolation. 
Token ss abit 
Total 
word 
1 318 85 54 70 217 744 
2 295 93 54 85 194 721 
3 326 93 39 78 225 761 
4 349 105 39 85 163 741 
5 295 85 47 81 225 733 
6 341 85 47 89 171 733 
7 333 85 54 89 225 786 
8 326 93 47 89 236 791 
9 341 109 54 101 202 706 
10 326 120 47 101 236 830 
Mean 325 95 48 87 209 755 
S. D. 18 12 6 10 26 38 
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Table (3.11) Duration (in msec) of the word /sabit/ spoken 
in a carrier sentence. 
Tokens s a b i t Total word 
1 140 78 31 89 62 400 
2 147 70 54 78 50 399 
3 147 70 39 93 62 411' 
4 132 78 54. 78 70 412 
5 132 85 43 81 54 395 
6 143 85 47 78 50 403 
7 132 78 50 78 47 385 
8 147 78 47 78 39 389 
9 132 93 47 85 39 396 
10 132 93 39 85 78 427 
Mean 138 81 45 82 55 402 
S. D. 7 8 7 5 13 12 
Table (3.12) Duration in (ursec) of the word /ssabit/ spoken 
in a carrier sentence. 
Tokens ss a b i t 
Total 
word 
1 225 78 39 81 47 470 
2 225 70 47 78 78 498 
3 217 85 39 62 62 465 
4 225 78 47 78 54 482 
5 233 89 31 85 62 500 
6 228 85 39 70 70 492 
7 225 89 39 78 78 509 
8 209 78 39 81 54 461 
9 225 81 47 78 47 478 
10 213 81 47 78 85 504 
Mean 223 81 41 77 64 486 
S. D. 7 6 5 6 14 17 
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Table (3.13) Duration (in msec) of the word /hasan/ spoken 
in isolation. 
Token It a s a n 
Total 
word 
1 147 85 116 58 233 639 
2 155 85 116 54 213 623 
3 132 78 128 47 209 594 
4 136 93 124 62 240 655 
5 151 81 116 54 217 619 
6 163 85 120 62 194 624 
7 147 78 124 47 240 636 
8 171" 78 128 50 217 644 
9 171. 70 120 62 240 663 
10 155 78 128 54 248 663 
Mean 153 81 122 55 225 636 
S. D. 13 656 18 22 
Table (3.14) Duration (in msec) of the word /hassan/ spoken 
in isolation. 
Token h a ss a n 
Total 
word 
1 174 78 248 54 260 814 
2 170 93 248 62 264 837 
3 186 78 248 54 256 822 
4 163 78 295 54 248 837 
5 209 78 248 47 248 829 
6 124 70 295 62 209 760 
7 202 85 225 54 244 810 
8 205 85 240 62 248 841 
9 205 78 252 62 279 876 
10 170 74 248 62 267 822 
Mean 181 80 255 57 252 825 
S. D. 26 7 23 5 19 29 
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Table (3.15) Duration (in msec) of the word /hasan/ spoken 
in a carrier sentence. 
Tokens kasan Total word 
1 109 78 105 89 101 482 
2 109 70 109' 70 101 459 
3 116 70 109 85 101 481 
4 116 70 100 85 116 487 
5 109 78 109 89 105 490 
6 140 66 93 85 108 492 
7 116 78 85 78 132 489 
8 140 70 93 74 109 486 
9 120 70 116 74 101 481 
10 155 74 100 74 116 519 
Mean 123 . 
72 102 80 109 487 
S. D. - 17 4 10 7 10 15 
Table (3.16) Duration (in msec) of the word /hassan/ spoken 
in a carrier sentence. 
Tokens l a ss a n 
Total 
word 
1 178 62 225 85 85 635 
2 136 62 202 93 89 582 
3 155 66 225 85 93 624 
4 132 85 198 85 101 601 
5 182 70 256 93 85 686 
6 109 85 202 70 116 582 
7 143 62 194 62 101 562 
8 155 78 194 70 93 590 
9 182 62 202 85 109 640 
10 163 70 205 93 116 647 
Mean 154 70 210 82 99 615 
S. D. 24 9 20 11 12 38 
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Table (3.17) Duration (in msec) of the word /darub/ spoken 
in isolation. 
Tokens darub 
Total 
word 
1 85 124 62 66 132 469 
2 62 124 66 78 140 470 
3 78 116 54 66 120 434 
4 85 112 70 78 128 473 
5 70 109 74 50 120 423 
6 62 120 70 50 124 426 
7 85 116 62 58 132 453 
8 78 116 78 50 132 454 
9 54 112 70 50 128 414 
10 74 124.. 70 62 124 454 
Mean . 73 
117 68 61 128 447 
S. D. 11 57 11 6 21 
Table (3.18) Duration (in msec) of the word /ddarub/ spoken 
in isolation. 
Tokens dd a r u b 
Total 
word 
1 217 120 54 62 124 577 
2 225 128 66 70 124 613 
3 256 116 74 58 112 616 
4 236 124 78 62 132 632 
5 209 124 66 58 124 581 
6 186 124 70 58 124 562 
7 225 116 78 62 128 609 
8 221 124 78 62 124 609 
9 225 124 74 58 124 605 
10 235 124 74 58 132 623 
Mean 224 122 71 61 125 603 
S. D, 18 4846 22 
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Table (3.19) Duration (in ursec) of the word /darub/ spoken 
in a carrier sentence. 
Tokens d a r u b 
Total 
word 
1 43 116 50 54 105 368 
2 39 116 54 47 105 361 
3 62 109 43 47 97 358 
4 47 120 47 54 93 361 
5 47 116 47 54 93 357 
6 47 109 54 47 105 362 
7 39 109 47 47 85 327 
8 39 109 50 43 101 342 
9 50 101 43 43 101 338 
10 50 101 50 50 93 344 
Mean 46 111 49 49 98 352 
S. D. 7 6 4 4 7 13 
Table (3.20) Duration (in ursec) of the word /ddarub/ spoken 
in a carrier sentence. 
Tokens dd a r u b 
Total 
word 
1 155 116 47 47 101 466 
2 159 116 47 54 97 473 
3 171 116 47 47 78 459 
4 186 109 47 54 105 501 
5 155 116 50 47 101 469 
6 140 109 47 47 85 428 
7 163 109 47 43 93 455 
8 155 112 47 47 89 450 
9 140 109 47 50 105 451 
10 140 109 54 54 116 473 
Mean 156 112 48 49 97 463 
S. D. 15 324 11 19 
-191- 
Table (3.21) Duration (in ursec) of the word /badal/ spoken 
in isolation. 
Tokens b a d a 1 
Total 
word 
1 85 109 31 58 202 485 
2 93 124 31 47 202 497 
3 105 124 31 66 217 543 
4 74 124 27 58 217 500 
5 105 101 23 78 209 516 
6 89 109 23 62 194 477 
7 93 101 31 62 159 446 
8 89 101 23 62 225 500 
9 85 93 31 70 233 512 
10 58_ 101 35 58 240 492 
Mean 88 109 29 62 210 497 
S. D. 14 11 4 8 23 26 
Table (3.22) Duration (in msec) of the word /baddal/ spoken 
in isolation. 
Tokens ba dd a1 Total word 
1 93 120 155 62 202 632 
2 89 128 147 70 202 636 
3 109 116 147 78 240 690 
4 93 124 147 70 264 698 
5 147 97 143 54 182 623 
6 101 109 163 78 209 660 
7 93 93 155 74 217 632 
8 70 116 155 62 248 651 
9 85 109 163 70 221 648 
10 39 109 155 62 259 624 
Mean 92 112 153 68 224 649 
S. D. 27 11 78 27 26 
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Table (3.23) Duration (in msec) of the word /badal/ spoken 
in a carrier sentence. 
Tokens b a d a 1 
Total 
word 
1 54 101 16 120 109 400 
2 58 101 23 89 101 372 
3 50 112 31 93 109 395 
4 58 105 27 101 105 396 
5 54 101 23 85 109 372 
6 54 101 16 97 101 369 
7 62 121 39 97 89 408 
8 47 116 16 89 97 365 
9 47 116 23 '85 101 372 
10 58 124 23 89 105 399 
Mean 54 110 24 95 103 385 
S. D. 5 9 7 10 6 16 
Table (3.24) Duration (in ursec) of the word /baddal/ spoken 
in a carrier sentence. 
Tokens b a dd a 1 
Total 
word 
1 81 101 132 97 78 489 
2 70 116 140 101 101 528 
3 62 109 132 97 101 501 
4 58 109 140 112 78 497 
5 78 124 140 101 105 548 
6 70 124 155 116 93 558 
7 62 109 147 109 81 508 
8 54 112 143 109 89 507 
9 69 112 155 109 93 538 
10 70 109 132 101 85 497 
Mean 67 113 142 105 90 517 
S. D. 8 7 9 7 10 24 
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CHAPTER FOUR 
PERCEPTUAL STUDY OF GEMINATE CONSONANTS IN 
I. C. ARABIC 
4.1 Introduction and Aims 
The sound pattern of I. C. Arabic, as stated earlier, 
is characterized by the existence of distinctions in 
segmental durations of certain classes of speech sounds, 
viz. fricatives, plosives, affricates, nasals and approxi- 
mants. The sounds of these classes are found in two differ- 
ent forms; either single or geminate. Like other languages, 
such as Japanese and Italian, contrasts between the single 
forms and the geminate forms are phonemic in I. C. Arabic. 
In our previous chapter, it was shown that durational 
contrasts in I. C. Arabic play a significant role in the 
distinctions between various classes of speech sounds. Fry 
(1955), for instance, pointed out that segmental durations 
in some languages primarily carry both prosodic and emotional 
information, and that inter-segmental variations, if not 
insignificant, are almost always accompanied by more reliable 
and distinctive spectral cues. 
It is of interest to mention here that there are 
some existing languages in which the segmental duration 
serves as the'major cue for the distinction between certain 
classes of phonological units. In this respect, for example, 
the sound pattern of Japanese presents instances of consider- 
able interest since all the vowels and some consonants possess 
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longer counterparts that can be discriminated essentially 
by their durations. (Fujisaki et al., 1975). 
It was the aim of the present chapter to deal with a 
synthetic investigation of the roles played by the segmental 
durations in the perception of cononants in I. C. Arabic. It 
was felt, at least at this stage, that doing some synthetic 
speech experiments would be of great importance to confirm 
the fact that the durational differences found in our acoustic 
experiment correspond to perceptual differences, and also to 
investigate phoneme boundaries between geminate and non- 
geminate consonants in I. C. Arabic. 
4.2 Synthesis Along a Continuum 
4.2.1 Investigation of Phoneme Boundaries: - A Critical Review 
In some languages, such as Hindi, there exist two types 
of voiceless alveolar plosive consonants; one which is 
aspirated and the other which is unaspirated. To the listener 
of these languages there is apparently a division between the 
two types which is inoperative for the listeners of those 
languages in which the two types of sounds are non-existent. 
Fry (1964) states that "if we could produce a range of sound 
qualities filling, as it were, the space between aspirated 
and unaspirated [t] and send these one after the other to 
the Indian listener, we might expect that at some point in 
the series he would cease identifying the sound as aspirated 
and begin to identify it as unaspirated; he would, in other 
words, pass through a boundary between the two classes. " [p. 6171 
1. Underlining mine. 
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In this regard, research groups at the Haskins 
Laboratories designed certain experiments to study this 
linguistic phenomenon for which they conveniently suggested 
the term 'phoneme boundary'. (Liberman et al., 1957). By 
this term they referred to "a boundary between classes and 
is not in any way related to the question of segmenting an 
utterance along the time dimension. " (Fry, loc. cit. ). For 
some time the Haskins Laboratories researchers have been 
trying to learn something about the perception of speech for 
which they have spent a great amount of their scientific work 
seeking for the acoustic cues on which that perception 
depends. Mainly, they have relied on techniques which enabled 
them to make controlled changes in various aspects of the 
acoustic pattern, and then to evaluate the effects of those 
changes on the sound as heard. They largely depended on the 
use of spectrograms for synthesizing and modifying the speech 
sounds. After having converted the spectrographic patterns 
into sounds, they listen to them to find out which of the 
experimental changes are important and which are not. The 
sound conversion obtainable from the spectrogram was always 
carried out by means of a machine which they call the 'Pattern- 
Playback' described with much detail in Almost all their works 
on speech synthesis. 
In accord with where and how the sounds are produced, 
the researchers at Haskins Laboratories divide the consonant 
cues into three classes. One class of consonant cues exists 
in sounds produced at the consonant constriction, such as 
the frictions of the fricatives and affricates as well as 
-198- 
the bursts of the plosives. The constriction sounds are 
generally characterized by being produced "only during or 
just following the most nearly closed part of the consonant 
articulation. " (Liberman, 1957, p. 118). This is to say, 
the constriction sounds will quickly die away as their 
articulatory movement moves towards the next more open 
position of the following vowel. Pastore (1976) commented 
on Liberman and his co-workers' results of (1957) and stated 
that they favoured a learning explanation, but they did not 
reject completely the argument that "their results reflected 
the placement of phoneme boundaries at naturally occurring 
discontinuities in the discrimination functions. " Cp. 253]. 
In order to examine the validity of this hypothesis, Liberman 
et al. (ibid. ) suggested that their study should be replicated 
with non-speech stimuli which were, apart from that, identical 
to their synthetic speech stimuli. However, experiments 
carried out by Liberman et al. (1952) showed that the 
frequency position of the sound burst enables the listeners 
to discriminate among the voiceless plosives Ep, t, k]. 
Harris (1954), on the other hand, stated the fact that the 
frequency location of the friction noise was an overwhelming 
cue for distinguishing Cs] from CI]. Other acoustic cues 
have also been found of some importance within this same 
group of constriction sounds such as duration and the nature 
of the onset of the noise which are considered as primary 
cues for various distinctions according to manner of articu- 
lation. 
The second class of consonant cues contrast with the 
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first one in that "the members of the second class result 
from the movement of the articulators. " (Liberman, 1957). 
Besides, their excitation is generated in the larynx rather 
than at the point of consonant constriction. In an experi- 
ment conducted by Cooper et al. (1952) it was proved that 
the direction and extent of the second-formant transitions 
was an effective cue for distinguishing within the classes 
of plosive and nasal consonants. Later, O'Connor et al. 
(1957) found that the same variable, namely the direction 
and extent of the second-formant transitions, had a similar 
role with the approximants. Transitions of the third formants 
indicated, to some extent, identical effects to those of the 
second formants. Liberman (ibid. ) reached the conclusion 
that "variations in direction and extent of second- and third- 
formant transitions are cues for the perception of various 
consonants according to place of production, while comparable 
variations of the first formant are cues for manner. " [p. 118]. 
In an earlier study, Delattre et al. (1955) suggested that 
for each consonant there are loci, viz. characteristic 
frequency positions, at which the formant transitions begin, 
or towards which they may be assumed to point. Liberman 
(ibid. ) added that investigators of speech synthesis could 
successfully synthesize plosive consonants as well as nasal 
consonants only if they introduced a silent interval between 
the locus and the commencement of the transition. 
The remaining third consonant cue results from the 
on-off action of a single fixed resonator in the nose. The 
fixed resonator and the corresponding acoustic cue "is an 
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on-or-off nasal resonance that serves as an acoustic marker 
for the class of nasal consonants. " (Liberman, op. cit., 
p. 119). In a previous experiment, on the other hand, 
Liberman et al. (1954) had proposed that the nasal cue did 
not provide much of a basis for distinguishing the sounds 
within the class of nasal consonants, and the listener had 
to rely upon the transitions of both the second and third 
formants. In an important experiment accomplished by Miller 
and Nicely (1955) it was discovered that the cue elements 
and dimensions1 were relatively independent of each other 
not only in the manner of their combination, but also in 
the way they were perceived. 
In their first experiments, Liberman and his co- 
workers devised a plan to find out if there was any evidence 
indicating the existence of phoneme boundaries in listeners' 
behaviour. They were also interested in discovering the 
distinctions that were effective for the English listeners 
between the voiced plosives [b], [d] and [g]. Accordingly, 
they used their Pattern-Playback to generate speech-like 
sounds and to vary them in small gradual steps along an 
acoustic continuum comprising important cues for the percep- 
tion of the voiced plosives. When the listeners were asked 
to label those sounds as [b], Cd] or [g], they "normally 
tend by their responses to divide the continuum into three 
sharply defined phoneme categories, the shifts from one 
response, or phoneme label, to another being very abrupt. " 
1. By 'cue elements and dimensions' we mean the types of 
acoustic cues or the acoustic stimulus dimensions that have been found to be of some importance in the perception of 
the individual consonants of a language. For more details, 
see Liberman (1957). 
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(Liberman et al., 1957, p. 359). It was the purpose of 
those experiments to determine the extent to which those 
sounds could be discriminated and also to see if the dis- 
crimination functions had sharp inflections that corres- 
ponded in position to the abrupt shifts, i. e. phoneme 
boundaries, in the labelling responses. Their experiments 
depended primarily on "setting up a series of test stimuli 
by means of which a speech synthesizer in which a periodic 
sound akin to the English vowel [a: ] was initiated by a 
range of second formant transitions. " (Fry, op. cit., p. 62). 
In earlier experiments Liberman and his colleagues 
at the Haskins Laboratories had shown that a minus second 
formant transition associated with the same vowel, viz. [a: ], 
was perceived by most English listeners as the syllable /ba: /; 
whereas the absence of the transition or a slight plus 
transition was heard as the syllable /da: /, and a more 
pronounced plus transition was identified as the syllable 
/ga: /. In synthesizing these syllables "it was possible to 
proceed by very small steps through a wide range from a 
large minus second formant transition through the zero 
transition to a large plus transition. " (Fry, loc. cit. ). 
The resulting synthesized syllables were, then, set in 
random order and presented to English listeners who were 
instructed to state whether they heard [b], Cd] or [g]. The 
reaction of the listeners' labelling over certain parts of 
the continuum took the form of regular patterns; that is to 
say, they were clearly identified as [b], [d] or [g]. Still, 
there were uncertain parts of the continuum where the stimuli 
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were labelled almost haphazardly. These regions of uncertainty 
constituted what Liberman and his colleagues called as the 
'phoneme boundary'. Lane (1965) states that in employing 
synthetic vowel stimuli Liberman et al. (1963) found, on an 
identification test, reasonably well-defined and clear 
boundaries between phoneme categories, and on a discrimination 
test, peaks at the phoneme boundaries, i. e. discrimination 
between adjacent stimuli in the vowel continuum, are better 
when the stimuli lie near phoneme boundaries. 
' 
When we come to speak about phoneme boundaries in 
relation to duration, we can refer to those experiments which 
were principally designed to investigate them as well as to 
those in which the notion of the phoneme boundary was implied. 
For example, in the experiments conducted by Denes (1955), 
it was shown that the duration ratio of the periodic and the 
noise segments of a syllable was considered as a cue for dis- 
tinguishing final [s] and [z] in English, and a clearly 
recognizable phoneme boundary, where the ratio of noise to 
periodic sound was 1.0, was easily captured by the listeners' 
auditory judgments in those experiments. 
Lisker (1957), on the other hand, examined the sig- 
nificance of duration for the distinction between the two 
English plosives [p] and [b] occurring in intervocalic positions. 
The results of his investigation indicated that the closure 
duration of [p] and [b] in the two words 'rupee' and 'ruby' 
was a significant cue for his subjects to distinguish the two 
words in the listening tests. He found that the duration of the 
1. Lane's criticism of the findings of the Haskins Laboratories 
researchers can be referred to in section 4.6.1 of this study. 
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silent interval between the first and the second syllables 
in each of the two words was a sufficient acoustic cue, and 
discovered that decreasing the silent interval would cause 
the listener to hear the word as 'rabid'; whereas increasing 
it would cause the perception to change into 'rapid'. Lisker 
came to the final conclusion that "for the particular isolated 
words that he used there was a phoneme boundary with respect 
to duration of closure in the region between 75 msec and 130 
msec, that is to say, all closures shorter than 75 msec were 
heard as /b/ and all closures longer than 130 msec were heard 
as /p/. " (Fry, 1964, p. 66). Liberman (1961) supported 
Lisker's conclusion. He obtained data for labelling and 
discriminating the two English words 'rapid' and 'rabid'. 
He found that the phoneme boundary which was apparent in 
the labelling data was matched by a maximum in the ability 
to discriminate. Fry (op. cit. ) suggested that the distinct- 
ness of a phoneme boundary might depend in part on the degree 
of articulatory difference between one phoneme and another. 
He added that "this factor undoubtedly has some influence on 
perception and will be quite strong in the case of most 
consonants, at least. " [p. 671. 
In other experiments dealing with synthetic plosive 
consonants (e. g. Liberman et al., 1957; Liberman et al., 1961; 
Bastian et al., 1961), it was found that discrimination of 
a constant acoustic difference was considerably better 
across phoneme boundaries, between [b] and [d] and between 
Cd] and [g], than in the middle of the phoneme categories. 
It was reported by Liberman et al. (1961) that "the dis- 
crimination was, in fact, relatively so good across the 
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boundaries and so poor within the categories as to suggest 
that the subjects could only respond to these sounds 
categorically (i. e. as phonemes) and could hear no other 
differences among them. " Cp. 3791. To get the appropriate 
measurements, the researchers had first to identify acoustic 
variables which were sufficient cues for the perceived 
phonemic distinctions. After selecting an appropriate 
acoustic cue for each phonemic distinction, they planned a 
series of synthetic patterns in which that acoustic cue was 
altered along a single continuum through a large range as 
to include those phonemes under investigstion. Aiming at 
measuring discriminability, they organised the patterns into 
what is called ABX procedure, and the listeners were instructed 
to tell whether X was identical with A or with B; A and B 
were always different and X was always identical with either 
A or B. In order to establish the phoneme boundary, the 
researchers decided to present the patterns with instructions 
to identify each one as [b], Cd] or [g] in the first experi- 
ment, as Cd] or Ct] in the second, and as Csl] or Cspl] in 
the third. They also intended to present the synthetic 
speech stimuli arranged in the form of ABX triads to measure 
percent correct discrimination within pairs of stimuli 
extracted from the speech continuum. Lane (op. cit. ) commented 
on this experimental procedure saying that the researchers 
expected to find that two stimuli extracted from the same 
phoneme category were less often correctly discriminated 
than two stimuli extracted from opposite sides of the phoneme 
boundary. 
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Cooper et al. (1952) contended that a careful inspec- 
tion of actual spectrograms suggested that one of the variables 
that might enable a listener to differentiate Cpl, [t] and [k] 
was "the position along the frequency scale of the brief 
burst noise which constituted the acoustic counterpart of the 
articulatory explosion. " [p. 597]. In an attempt to isolate 
this variable and to determine its role in perception, Cooper 
and his co-workers designed a series of schematized burst- 
plus-vowel patterns in which bursts at each of 12 frequency 
positions were arranged in pairs with any of the seven vowels 
Ei, e, F_, a, o, o, u]. The bursts were kept constant as to 
size and shape, and the vowels were composed of merely two 
formants. 1 The combinations of burst and vowel were trans- 
ferred into sound and, then, randomized and presented to a 
number of English listeners who were asked to identify the 
initial component of the syllable as [p], [t] or [k]. 
The results obtained from this experiment showed that 
the listeners' identification varied in accord with the 
frequency position of the burst. The variable of the frequency 
position of the burst provided the listeners with a basis for 
distinguishing among Cpl, Ct] and [k]. The results also 
indicated that high frequency bursts were heard as Ct] for 
all seven vowels; whereas, bursts at lower frequencies were 
heard as Ck] when they were on a level with or slightly above 
the second formant of the vowel; otherwise they were heard 
as Cpl. The investigators then concluded that "the transitions 
of the first formant appear to contribute to voicing of the 
1. For further information, see Delattre et al. (1951), 
pp. 30-36. 
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stop consonants, while transitions of the second formant 
provide a basis for distinguishing among /b/, /d/ and /g/ 
or their cognates /p/, /t/ and /k/. " [p. 600]. 
In a remarkable endeavour to synthesize speech from 
discrete segments, Peterson et al. (1958) used what they 
termed "dyads" to produce speech rather than spelling; 
therefore, including units which exceeded one phoneme in 
length. Their experiments on consonant patterns, such as 
plosives, showed that a primary cue for the perception of 
these and certain other consonants was the relatively rapid 
shift in the formant frequencies. These shifts, i. e. 
transitions, are among the most important cues to the percep- 
tion of many of the consonants-.. Liberman et al. (op. cit. ) 
emphasized the fact that the perceptual function of the 
transition is to provide important and sometimes essential 
information for phoneme identification. 
Now after all that has been reported about the studies 
on speech synthesis by the researchers of the Haskins 
Laboratories, one can finally agree with what Fry (1973) has 
suggested in saying that their experiments have shown how 
in judging English plosives, listeners may make use of the 
frequency of a burst of noise, the extent and direction of a 
formant transition, the time of onset of a formant, and the 
duration of a particular part of the sound-wave. 
1. A 'dyad' is defined as a segment which contains parts 
of two phones with their mutual'influence in the middle of 
the segment. (Liberman et al., 1959, p. 1491). 
P fill 
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4.3 Experimental Procedure 
4.3.1 Description of the Program 
The experiments on speech synthesis which will be 
described in this chapter depend on a system which has been 
developed in the Phonetics Laboratory at Leeds University 
by Peter Roach in collaboration with Janak Gandhi. The 
general principles and the detailed operating instructions 
of how to use the program, namely the SPS256, to synthesize 
speech are explained in an instruction manual prepared by 
the two researchers. 
1 Gandhi and Roach (1980) contend, that 
in spite of the fact that speech synthesis is a slow and 
laborious job, the program has been designed to let the 
investigator "gain experience in manipulating acoustic 
phonetic parameters as simply as possible. " [p. 17. 
The computalker speech synthesizer used in our present 
experiments is controlled by nine parameters; four of which 
are 'amplitude' parameters which are related to the four 
basic types of sound that can be generated by the speech 
synthesizer. The four amplitude parameters are: 
AV Voicing Amplitude 
AH Aspiration Amplitude 
AF Frication Amplitude 
AN Nasal Amplitude 
The two parameters AV and AN are related to voicing; while 
parameters AF and AH are related to noise. Any value for any 
of these parameters must be within a limited range. To get 
1. For full details about the SPS256 program and the various functions of the commands, see appendix 1. 
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a vowel sound, for example, the AV amplitude parameter value 
has to be high enough to produce audible vowel-type sound 
and the other three amplitude parameters must be at zero. 
(Gandhi and Roach, op. cit. ). On the other hand, to get a 
voiceless fricative other than Ch] the AF amplitude parameter 
value has to be above zero and the other amplitudes at zero. 
The last five of the nine synthesizer control parameters 
have a frequency-related control function. These are: 
FO Frequency of Voicing 
Fl Frequency of Formant One 
F2 Frequency of Formant Two 
F3 Frequency of Formart Three 
FF Frequency of Frication 
Of these, Frequency of Voicing parameter, viz. FO, moves as 
a direct exponential function of the control value, and it 
is a characteristic of all voiced sounds. The other four 
parameters, i. e. Fl, F2, F3 and FF, move as an inverse 
exponential function of their control values, and they are 
related to spectral characteristics. They are 'formant' 
parameters. The first three are necessary for producing 
vowels and vowel-like sounds; whereas the fourth one is 
necessary to produce differences in fricative quality. 
For the purpose of producing reasonably clear speech, 
the speech synthesizer must be fed with values for each 
parameter at least 100 times per second. In this respect, 
Roach (1980) states that "for each of these parameters a 
byte has to be sent to the appropriate part at regular inter- 
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vals. The usual update rate is 10 msec, though for the 
highest. quality 5 msec is preferable. A 10 msec frame rate 
requires data output at 900 bytes per second, and it would 
obviously be too laborious to input all these values manually. " 
[p. 111. It is the job of the computer to produce these 
enormous quantities of numbers, and it is the job of the 
experimenter to feed the computer with the information it 
needs so as to generate the correct numbers. In fact, the 
most important thing is to load frequency and amplitude values 
for the points in time at which spectral changes have to be 
brought about and let the program generate the data frames 
for the intervening time intervals. The high output rate and 
the large number of data bytes to be stored makes some 
machine code programming essential. (Roach, op. cit. ). For 
instance, if the experimenter wishes to produce a steady 
vowel all he has to do is to feed the computer with the 
correct values out of the nine parameters, and instruct it 
how long to keep sending these values to the speech synthesizer 
every hundredth of a second. A tenth parameter value, namely 
(PD), specifying the duration must also be added to the other 
values of the nine parameters. 
In speech synthesis, a lot of practical experience is 
of ultimate necessity so as to produce a satisfactory synthetic 
output. However, there is a basic principle that the experi- 
meter should pay attention to. More specifically, it is the 
experimenter who decides the points in time at which important 
changes in acoustic structure take place, and whether there is 
a gradual or an abrupt change from the values of one point to 
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the values of the following point. (Gandhi and Roach, op. cit. ). 
The number of points used depends, to a certain extent, upon 
the accuracy of specifying the acoustic structure of the 
speech to be used. On average, three or four points per 
phoneme are necessary. Fig. 4.1 is a schematic diagram of 
the synthesizer employed in the present experiments on speech 
synthesis. 
4.3.2 Operating Instructions and Program Commands 
In speech synthesis the role of the computer is 
primarily to read parameter values at discrete points, 
calculate values between points and directly transmit them 
to the synthesizer at a specified rate. In addition to all 
these functions, the SPS256 program also provides facilities 
for editing, displaying and saving data. It handles all the 
functions required before and after synthesis. The key 
functions required of the program, as stated by Roach (1980), 
are: 
(a) To generate control parameter values for data frames 
and later output them to the part of the synthesizer. 
(b) To control the output rate of data frames. 
Basically, the program is a monitor. It accepts the 
experimenter's commands from the computer keyboard, carries 
out the required job and waits for the next command. All the 
commands are in the form of single letters and the parameter 
names are in the form of two characters, see section 4.3.1. 
It sometimes happens that the program refuses to accept 
certain commands and the data values. In such cases the 
-211- 
43 
C 
E 
a, 
CL x 0 
0 
t 
43 
c 
m 
L 0 
N 
03 
i 43 
C 
in 
m 
i 43 
V" 
0 
E 
0 
L 
0) 
0 
V 
0 
-212- 
Fig. (4.1) A block diagram of the synthesizer. It shows 
the organization of the synthesizer which 
includes a wide variety of parameters. The 
voicing frequency and amplitude are set by 
parameters FV and AV. The noise pulses of 
stop consonants are generated with the 
programmable gain element AH. The fricative 
resonator with amplitude AF and frequency 
resonance FF are used to generate fricatives 
like "s" and "sh". The normal vowel sounds 
are generated by control of the formant 
frequencies Fl, F2 and F3, and a nasal 
resonator with amplitude AN and fixed 
frequency characteristics is used to add 
varying amounts of nasal sounds. The result 
of signals processed through the nasal, 
formant and fricative paths is summed by a 
final operational amplifier and used to drive 
the output speaker. 
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computer displays a message indicating the reason for the 
refusal on the screen and the program waits for the next 
command or for a new data value. For example, when the 
computer screen displays the sign '*', it means that the 
program is ready to accept one of the commands, and when it 
displays the sign '? ' it denotes that the experimenter is 
being instructed to input a data value or a parameter name 
as specified by whatever precedes '? ' on the screen. (Gandhi 
and Roach, op. cit. ). 
The operating commands which the SPS256 program accepts 
are twelve in number. Briefly, they are stated below with 
their basic functions. 1 
Commands Functions 
C Create the intermediate data frames. 
D Display of points data on screen. 
E Exit from the program. 
G Graph parameter on printer. 
I Input of data to computer. 
L List data for all points. 
M Modify one parameter value for one point at 
a time. 
0 Overall modification. 
P Play the synthesized speech through the 
Ferrograph-Logic 7. 
R Record the synthesized speech on the Ferro- 
graph-Logic 7. 
S Save points data in digital form on tape. 
V VDU graph. 
1. For detailed information about the description of these commands, see appendix 1.1 
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4.3.3 Synthesis Parameter Data Used 
In order to produce the synthesized speech for the 
two utterances /'kitbi 'hassan 'sit mar'raat/ and /'kitbi 
'baddal 'sit mar'raat/ only 43 points were decided for the 
first utterance and 41 points for the second utterance on 
spectrograms of real speech. For each point the appropriate 
values of the nine parameters were estimated after making 
the due measurements on the spectrograms. A special coding 
form was prepared into which these parameter values were 
written down. 'Setting the synthesis program into operation, 
the nine parameter values for each point were fed into the 
computer, which in turn would calculate the intermediate data 
frame values generated. Whenever we felt that the values of 
the nine parameters need to be inspected to see whether they 
were exactly within their appropriate range, the computer was 
asked to do so by typing in the command D, i. e. display of 
data on screen. Accepting this command, the computer would 
immediately show the nine parameter values for every five 
points on its screen. By typing the command V, i. e. graphic 
display on VDU, a visual representation of certain parameters 
at some chosen segments would also be obtainable on the screen 
or by the printer to check the accuracy of the range for the 
entered values. (See Fig. 4.2). 
For the purpose of creating our two listening tests 
for the two experiments to investigate phoneme boundaries 
between [s] and [ss] on the one side, and between [d] and Cdd] 
on the other, the parameter value of merely one point, namely 
PD, was intentionally modified; while the values of the other 
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Fig. (4.2) Schematic Diagram of Synthesizer Parameter 
Values for One Version of /'kitbi 'bassan 'sit 
mar'raat/. 
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points remained unchanged. The modifications took place 
at points No. 15 and No. 14 in the first and second experi- 
ments, respectively. (See Figs. 4.3 and 4.4). 
At certain stages in our two experiments, and after 
listening to the synthesized speech via the Ferrograph-Logic 
7 for several times, spectrograms for the synthetic output 
were made and then compared to those of real speech. Modifica- 
tions were made for some parameter values at those points 
which seemed less identical, if compared, to those on real 
speech spectrograms when we felt that the synthetic output 
was perceptually unsatisfactory. The modifications were 
continued until a satisfactory version of the synthetic speech 
was heard. Once we felt that the overall outcome of the 
synthesized speech was reasonably intelligible, we began 
creating the data for our listening tests. However, although 
the similarity between real and synthetic speech was highly 
acceptable, some of the acoustic differences are immediately 
visible on spectrograms. 
If one scrutinizes the spectrographic representations 
for the two carrier sentences /'kitbi 'hasan 'sit mar'raat/ 
and /'kitbi 'badal 'sit mar'raat/ as pronounced by a real 
speaker and those produced by the speech synthesizer, see 
Figs. 4.5-4.8, one can judge the acceptability of the products 
generated by speech synthesis. In this regard, Roach (1980) 
remarks that despite the fact that the system has only recently 
been brought into use, yet he is confident that he has a 
system that will be very useful. He also adds that "the 
quality, as judged by several listeners experienced in listen- 
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'T. AV F0 F1 F2 F3 AH AF FF 0N PD 
001 000 110 ' 360 27 50 2750 000 150 2750 000 015 
002 001- 110 360 2700 27 50 175 000 27 10 000 030 
003 150- 110 360 2 100 -27 50 000 000 267 50 " 000 040 
004 000 110 360 22,100 2750 000 001- 5 000 000 060 
005 000 110 175 20 00 2720 000 150- 50- 5000 001- 030 
0106 001- 105 175 2000 2720 000 00 50 00 150 5@ 0 r'@ 
007 180 110 175 2000 2720 . 
000 000 _ 5000 050 020 
008 180 110 320 2240 2720 000 000 5000 000 115 
009 100 110 320 2240 2720 050 025 4000 000 025 
010 020 100 800 1680 2560 100 070 4000 000 040 
011 000 100 900 1720 2176 100 070 4000 000 095 
012 000 105 750 1600 2200 075 020 4000 000 010 
013 180- 105 750 1550 2100 000 001- 4000 000 055 
014 000 105 750 1550 2100 000 175 6000 000 030 
015 000 105 750 1550 2100 000 200 6000 000 180 
016 020 105 725 1640 2760 000 . 
195 6000 000 025 
017 180 105 725 1640 2760 000 000 6000 000 070 
018 180 100 725 1640 2760 000 000 5520 100 020 
019 025 100 725 1640 2760 000 001- 5520 250 085 
020 000 100 368 1680 2800 000 108 5528 160 020 
021 000 100 368 1680 2808 000 128 5528 008 095 
022 001- 100 368 1680 2800 100 100 5528. 000 020 
023 120- 95 368 1680 2800 000 008 5000 000 040 
024 000 95 368 1680 2800 000 001- 5500 000 080 
025 000 95 240 960 2500 000 100 5500 000. 015 
026 000 95 240 960 22500 050 150 5500 000 020 
027 000 9 0 240 960 2500 125 000 5500 050- 020 
028 000 _ 93 240 96 3 2500 000 000 5500 250 060 
029 030 93 250 960 2500 000 000 5500 200 020 
030 200 93 440 4-160 2500 000 010 5500 000 040 
031 200 -3 499 960 2254_10 000 000 2000 000 030 
032 100- 93 500 960 1900 000 040- '2000 001- 025 
033 001- IM 400 990 1900 000 001- 20000 100- 005 
034 100- 90 400 990 1850 000 020- 2000 001- 025 
035 001- 90 400 990 1840 000 001- 2000 100- 005 
036 100 90 450 9 90 170 - 000 
000 2 000 000 020 
037 100 90 450 990 75 17 000 000 2000 000 020 
038 150 10 490 920 1900 000 000 5250 000 060 
039 12.0- 84 480 910 1900 000 008 5250 000 080 
040 000 75 420 910 1900 000 001- 5250 000 085 
041 000 75 480 910 1900 000 100 5250 000 015 
042 000 `5 4280 910 1900 000 100 
5350 000 020 
X143 001- r 5- 480- 910- 1900- 001- 001- 525 7- 001- 000 
" kitbi kzssan sit marraat '' 
Fig. (4.3) Computalker Parameter Data 
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PT. FIV FO F1 F2 F= AH AF . F- 
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L_i0 001- 1 L_? 5 175 2, Li410 : i' 'o 2100 0130 5000 150 070 
- 007 1;. Lj I1 L_i 1 i' S ? L_iL_i L L ! _i f iiýj ! _i ! _i 
G_1 ýL_i 00 41 _: 0 L_1'2L 11 
L_i03 1' o 110 : 20 ';? 40 ;: 7 . '0 
3100 000 5000 000 115 
L _i'_ý I !. 1 Lj 11 L_i .: 4 L_i : 'i''L0 Li 
00 0 CI 0 _. 3 L_i0 050- 015 
ý'14ý IL_i5 17-15 Li00 2 '0 C- f I- 
000 0414, 13 00 255 ! cif 5 
L_i11 000 105 5550 1G470 i 10 0100 0L_1L 5000 050 cif 
W2 12 ISO- 1 Lý57 IsL_1 1f 50 22 720 000 000 5000 000 
050 
013 100 110 650 17 rýL ,:: 
i' 20 414_10 000 SON 050- 025 
014 Lri: 1- 11L_i Ii= 10 , 
r(. =Lý +iLitj 000 0000 5000 2.55 10i0 
015 t_i4,4j 110 480 I _x' 43 .. L L NO 000 4000 L_i' -5 0 L 
016 180- 105 540 1750 40 000 NO 4010. 000 0.30 
L. i l? , 00 I L_i L_i _, ; 4ý 16 iL ý: L_iL3 L L10 000 Y L_i L43 100 4ý_ý5 
018 1000 100 sr: 16 ý; L0 280 t_iL b 100 5520 
050 020 
1319 000 100 3: 6$ 1680 -'300 000 120 55.2--0 000 095 
020 0L01- 100 368 1680 2800 100 100 5520 
000 L020 
021 120- 95 
.:: 
r j 1680 2800 000 017-10 5080 000 040 
022 000 95 : 6ö 1680 00 NO 001- 5500 000 0 80 
023 0 10 95 © ? 6Q X500 000 100 5 500 000 015 
024 000 ý. 5ý 240 960 25 00 050 150 5500 000 020 
L_ir'_5 00 ýO 240 35 3 . 
ý. '. sL_io 125 000 5500 
050- Lo o 
26 FiL_7 0 3 ý 40 'ýýL_i 500 000 000 5500 50 416P 0 
02f L_1LU 250 1,160 2500 2 
000 000 5500 rý00 020 
Lei r ". j '7'00 y WO F. L_1 5 ý143 L_1 L_1 4j ý14_14j 5500 L_i L14ý 040 
: 129 2.100 3: 433 'fi50 : soo 0130 000 :: 
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1 19 i 4j :: i L3 L_1 L_1 4j 
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100 5350 4_14_10 fi' 0 
041 '001- i- : =_. f- 91 L_i- 19 Lj- ! _i L=11- 0 4_11- 52 50- i lj 1- : _i LiLj 
" kitbi baddat sit marraat " 
Fig. (4.4) Computalker Parameter Data 
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ing to synthetic speech, was quite good. " [p. 11]. 
Depending on the results we have obtained from our 
two experiments on speech synthesis, we entirely agree with 
Roach's statement that 'the quality was quite good. ' This 
statement was shown to be true when we presented our synthetic 
speech to a number of native speakers of I. C. Arabic who 
served as subjects in the two listening tests and whose 
responses were judged with the help of a computer. (See 
section 4.5). Nevertheless, an inspection of the spectrograms 
representing the synthesized speech shows that F3, in general, 
has a very weak energy or it even vanishes. From the percep- 
tual point of view, this acoustic phenomenon does not greatly 
affect the subjects' capability of perceiving the synthetic 
utterances as being reasonably identifiable. 
1 
For instance, 
the two fricative consonants [s] and Ess] in /hasan/ and 
/hassan/ show a noticeable noise energy along the frequency 
scale, and the greatest energy of noise gathers around 6000 - 
7000 Hz. (See Fig. 4.9). In so far as the two plosives Ed] 
and Cdd] in the words /badal/ and /baddal/ are concerned, the 
spectrograms show no indication of any sort of voicing energy 
on the frequency scale. However, this fact does not greatly 
affect the acceptability of [d] and Cdd] as being recognized 
as voiced plosives in the listening tests as well. The 
spectrograms expose the same feature, i. e. the absence of 
voicing energy, as to the voiced bilabial plosive [b] 
occurring word-initially in /badal/ and /baddal/, and word- 
medially in /kitbi/. Besides, what differentiates the voice- 
1. Some of the subjects even declared to the present author 
that they could hardly find any difference between a natural 
speech and what they had heard. 
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Fig. (4.9) Two visual displays (spectrograms) for the word 
/hassan/ in the carrier sentence /kitbi hassan sit 
marraat/. Above: as said by a real speaker; below: 
synthetic speech made by controlling the sound 
patterns in a terminal-analog speech synthesizer 
driven by the Department's PET computer 
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Fig. (4.10) Two visual displays (spectrograms) for the word 
/baddal/ in the carrier sentence /kitbi baddal sit 
marraat/. Above: as said by a real speaker; below: 
synthetic speech made by controlling the sound 
patterns in a terminal-analog speech synthesizer 
driven by the Department's PET computer. 
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less plosive consonant Ct] from its voiced partner [d] is 
that the former is almost always accompanied by a vertical 
dark bar which is clearly seen along the frequency scale. 
This dark bar is missing in the case of Cd]; it normally 
represents the releasing phase or the burst of voiceless 
plosive consonants. (See Fig. 4.10). 
4.3.4 Instrumental Set-up 
Two separate experiments on speech synthesis were 
made. The first experiment was intended to construct a 
listening test to investigate phoneme boundary between the 
single voiceless fricative Cs] and its geminate counterpart 
Iss] used in word-medial position. Similarly, the second 
experiment was intended to construct a listening test to 
investigate phoneme boundary between the single voiced 
plosive [d] and its geminate cognate Cdd] in the same word 
position. 
The two synthetic experiments were accomplished by 
using the SPS256 program. The program is recorded on a 
cassette tape, and as soon as the program is fed into the 
computer, the computer will be ready to carry out whatever 
command the experimenter wishes to give. The command should, 
of course, be one among a number of those commands which are 
specified by the program itself, see section 4.3.2. 
The program was first fed into the Commodore micro- 
computer (type PET 2001 series). The computer was linked 
to a computalker speech synthesizer (model CT-1) by means of 
a set of fine wires. Another set of fine wires linked the 
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computalker speech synthesizer to a 24 K memory expansion 
unit (model Plessey Memories, type No. Petite 24). Both the 
PET computer and the computalker speech synthesizer were 
linked via separate leads to high quality tape-recorder 
(type Ferrograph-Logic 7). The output from the computalker 
speech synthesizer was automatically recorded on a tape 
mounted on the Ferrograph. The automatic recording took 
place as soon as we typed in the command R on the computer. 
The tape used for recording the listening tests items was 
of high quality (type Ampex 1200). The recording speed of 
the tape was 7/", i. e. 19 cm/sec. The line knob on the 
Ferrograph was set at 6 for the first listening test, and 
at 9 for the second listening test. The two sets were kept 
constant while constructing the two listening tests. The 
master record knob on the Ferrograph was set at 10, i. e. 
maximum degree, for both tests. The volume knob was set at 
3, and the upper record track was used. 
While recording the synthesized output from the 
computalker speech synthesizer onto the tape mounted on the 
Ferrograph, initial and final durations of silent intervals 
were inserted at the end of the preceding recorded speech 
and the following one. The duration for the initial silent 
interval was 1 second, and that for the final silent interval 
was 2 seconds; thus making a total period of silence duration 
of 3 seconds between each two successive recordings. The 3 
second period of silence duration was found very helpful while 
conducting the listening tests. During the preparation of 
the final versions of the two listening tests a bleep noise 
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was purposely inserted at the beginning and end of each 
test. The same bleep signal was inserted at the end of 
every five synthetic utterances. The technique of inserting 
the bleep noise was of ultimate importance to help the sub- 
jects while doing their listening tests as well as not to 
let them go astray while making their ticks on the answer 
sheets. The frequency of the bleep signal was at 3 kHz when 
it was recorded. Fig. 4.11 illustrates the instrumentation 
used in the two experiments on synthetic speech. 
4.3.5 Selection of Stimuli 
Just like our stimulus items used in our acoustic 
investigation of Chapter Three, two oppositions involving 
different contoid types were chosen for our present experi- 
ments on speech synthesis. The two single consonants [s] 
and Ed] versus their geminate counterparts [ss] and Edd] 
were involved. Each consonant occurred in medial position 
within a bisyllabic word of which the first syllable bears 
the primary stress. Four words, namely /hasan/ versus 
/hassan/ and /badal/ versus /baddal/, were selected for the 
two experiments. Each word was used in one and the same 
carrier sentence, i. e. /'kitbi 'sit mar'raat/ 'Write 
six times'. 
Wide-band spectrograms were made from real speech 
using the 700 Spectrograph. The spectrograms represented 
the target words, viz. /hasan/, /hassan/, /badal/ and /baddal/ 
used in the constructed carrier sentence. Measurements (in 
msec) were made for the acoustic contents of each spectrogram 
ü 
CL 3 1 
In 
in 
i3 
C 
E 
7 
L 
43 
W 
C 
.0 
43 
0 
E 
95 
0) 
tu 
a 0 
m 
.ý 
trý 
., 4 w 
U 
C 
E 
m 
a x m 
0 43 
C 
C0 
>L 
to 
un 
m 
a 
m r 43 
C 
m 
0 
13 
4 
-229- 
LL 
L 
o dm 
CL 43 ac 
in 
W 
L 
0) 
43 
CL E 
0 U 
0 L U 
.E 
Is 
U 
01 
0 
0. 
in 
C- 
01 
0 
c. 
y 
0 
C- 
0 
E 
m 
E 
-230- 
Fig. (4.11) 
A a lead linking the microcomputer (PET) to its 
control. 
B a lead linking the microcomputer (PET) to the 
Ferrograph-Logic 7 through PET control. 
C a lead linking the microcomputer (PET) to the 
Computalker Speech Synthesizer through PET control. 
D a set of fine wires going from and to the 
Computalker Speech Synthesizer. 
E a set of fine wires linking the microcomputer 
(PET) to the Comput alker Speech Synthesizer. 
F a lead linking the Computalker Speech Synthesizer 
to the Ferrograph-Logic 7. 
G a set of fine wires linking the Computalker Speech 
Synthesizer to the memory expansion unit. 
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after deciding the number of the required points for every 
spectrographic segment. A total of 43 points was decided 
on the spectrogram representing the utterance /'kithi 
'hasan 'sit mar'raat/; whereas a total of 41 points was 
decided on the spectrogram of the utterance /'kitbi 'badal 
'sit mar'raat/. In the case of Cs] versus Ess], it was 
found that the duration of the shortest item Cs] was 100 ursec 
of which the PD value, representing the duration of the 
friction portion of Cs], was only 45 msec; while the duration 
of the longest item Ess] was 280 ursec of which the PD value 
was 225 msec. With regard to [d] versus Cddl, on the other 
hand, it was found that the duration of the shortest item 
[d] was 75 msec of which-the PD value, representing the 
duration of the closure portion of [d], was only 20 msec; 
whereas the duration of the longest item Cdd] was 255 of 
which the PD value was 200 ursec. 
In both experiments ten gradual steps were made, 
beginning with the duration value of the shortest item and 
ending with the duration value of the longest item. There- 
fore, eight equal steps each of 20 msec increment were 
inserted between the two extremes, i. e. between the shortest 
duration value and the longest duration value. 
In order to establish phoneme boundary between the 
single voiceless fricative [s] and its geminate cognate [ss], 
the shortest PD value was 45 msec and the longest was 225 
msec. A list of the ten PD values was written out five times 
and, thus, making a total of 50 items. Each item, representing 
a PD value, was then written on a separate card. The fifty 
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cards were carefully shuffled so as to arrange the fifty 
PD values in random order. To these fifty cards another 
five cards were added. The extra five cards contained five 
dummy items covering minimum, maximum and three intermediate 
values. Consequently, they raised the total number to 55 
items. 
The same procedure was also followed in establishing 
phoneme boundary between the single voiced plosive [d] and 
its geminate counterpart Cddl, yet with one major exception. 
Here, the shortest PD value was 20 msec and the longest PD 
value was 200 msec. Similarly, eight equal steps each of 
20 msec increment were added between the PD extreme values, 
i. e. the shortest value and the longest value. 
4.3.6 Subjects 
Ten male unpaid volunteers acted as subjects in 
each listening test. They were postgraduate students at 
Leeds University. All subjects were native I. C. Arabic 
speakers. They either came from the capital Baghdad, which 
lies in the central part of Iraq, or they came from the city 
of Basrah which lies far in the southern region of the country. 
Very few of the subjects came from places lying around the 
two big cities. They were all brought up educationally in 
either of the two cities, and they got their first higher 
degrees in one of their universities. They were all right- 
handed and reported no history of speech or hearing impair- 
ments. They were aged between 26-35 years. 
Most of the subjects participated in both listening tests. 
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The other few apologized for not being able to sit for the 
second listening test either because they were entirely busy 
with their research projects or because they found the time 
to sit for the second test inconvenient. Therefore, they 
were replaced by other volunteers. 
In as far as the phonetic experience is concerned, 
only one of the subjects, namely (AM), was a postgraduate 
student at the Department of Linguistics and Phonetics and 
he had had some experience in phonetics. The rest were, 
phonetically speaking, completely naive. None of the subjects 
had ever heard any synthetic speech before taking part in 
the present experiments. 
4.3.7 Listening Test Conditions 
The two listening tests were conducted in two separate 
sessions. The time between the first session and the second 
one was five weeks. Both listening tests were carried out 
in the Department Studio where the subjects were entirely cut 
off from any external noise or disturbance. The recorded 
items for the listening tests were played back on the Ferro- 
graph-Logic 7 tape-recorder, and high quality headphones were 
used (type Super K, S. G. Brown Ltd. ). The output volume level 
on the Ferrograph was set at 5 for the frame sentence, and at 
3 for the bleep noise. This volume level was kept unchanged 
for all subjects while carrying out their listening tests. 
Before starting the tests, the subjects were requested 
to meet together at one of the Department classrooms where 
they were instructed on how to do the tests. We reckoned that 
ýý a; 
ýý 
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some of them would find it difficult to understand the 
instructions if they were reported in English; therefore, 
the Arabic language was used so as to make matters clearer 
and easier. Interpreting the instructions into English, 
they were as follows: 
You are going to hear a series of synthesized 
utterances spoken in everyday Iraqi Arabic. Each 
utterance consists of one and the same frame 
sentence which will either be heard as 'kithi 
hasan sit marraat' or 'kitbi hassan sit marraat'. 
If you hear the former sentence, please mark the 
column on your answer sheet under the word 
'hasan' with a tick. If you hear the latter, 
mark the column under 'hassan'. If you cannot 
decide between 'hasan' and 'hassan', you may 
guess and a tick must be placed under one of 
them. 
There are 55 items on the recorded test. The 
test will begin and end with a bleep noise. The 
same bleep signal will be heard at the end of 
every five utterances. This will remind you of 
the termination of the preceding five utterances 
as well as the initiation of the other following 
five. 
The same instructions were given for the second listening 
test with the exception that the two words 'badal' and 
'baddal' replaced the two words 'hasan' and 'hassan', 
respectively. 
iý 
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The subjects were requested to sit for the two tests 
in turn inside the studio. There, each subject was supplied 
with the appropriate answer sheets each time. Some subjects 
demanded a preliminary listening for the first five items; 
others needed extra copies of the answer sheets because they 
thought that they had made certain mistakes while identifying 
the test words. The unwanted copies of their answer sheets 
were cancelled and destroyed later. On the back side of the 
answer sheets, the subjects were informed to write down their 
full names, date and place of birth, and their field of 
specialization. In general, it took each subject about 10 
minutes to do each listening test. 
4.4 Statistical Test Used 
The results of the listening tests in the present 
experiments on speech synthesis were subjected to a statisti- 
cal treatment to determine, in terms of probability, whether 
the observed perceptual differences of cross-over points 
between the two independent samples, namely the fricatives 
Cs] versus Ess] and the plosives Ed] versus Edd], signify 
that the populations sampled are themselves really different 
or whether these differences exist merely because of chance 
factors. Consequently, this will enable us to determine 
whether "the observed difference is within the range which 
could easily occur by chance or whether it is so large that 
it signifies that the two samples are probably from two 
different populations. " (Siegel, 1956, p. 2). 
In social sciences, such as those of linguistics and 
phonetics, the first step in the decision-making procedure 
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is that the researcher has to state the null hypothesis 
(Ho for short) which is a hypothesis of no difference. The 
ultimate aim of formulating Ho is to be rejected, and if it 
is rejected, the alternative hypothesis (Ha for short) may, 
then, be accepted. Siegel (op. cit. ) states that Ha is the 
operational statement of the experimenter's research hypo- 
thesis. The research hypothesis is the prediction derived 
from the theory under test. If we presume that the research 
hypothesis in our present experiments predicts perceptual 
differences in cross-over points between [s] versus Ess] on 
the one hand, and [d] versus [dd] on the other, then our 
null hypothesis must be that no such difference exists. 
In determining which statistical test is most approp- 
riate to choose for analyzing a particular set of research 
data, the researcher must keep in mind that the power of a 
statistical analysis is partly a function of the statistical 
test employed in the analysis. In addition to power, Siegel 
(op. cit. ) adds other considerations which enter into the 
determination of which statistical test the researcher must 
choose. They may also include "the manner in which the 
sample of scores was drawn, the nature of the population from 
which the sample was drawn, and the kind of measurement or 
scaling which was employed in the operational definitions of 
the variables involved, i. e. in the scores. " Cp. 18]. 
For the purpose of evaluating the reliability and 
the significance level of the results obtained in the experi- 
ments of this chapter, the Mann-Whitney U-test, which is 
regarded as one among the most powerful of the non-parametric 
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tests, has been chosen for either rejecting or accepting 
Ho. Our choice for this statistical test has been based 
on the fact that the probability statements obtained from 
most non-parametric statistical tests are exact probabili- 
ties regardless of the shape of the population distribution 
from which the random sample was drawn; besides non-para- 
metric tests simply take account of the rank order of the 
scores and allow us to test the more general hypothesis 
that one set of scores tends to be higher, or lower, than 
another set. 
1 Miller (1975) remarks that by finding the 
sum of the ranks of one of the samples "the Mann-Whitney 
test allows us to determine the probability that a given 
separation between the ranks of the two samples could have 
arisen by chance. " [p. 82]. 
Since in a 1-tailed test the region of rejection is 
located entirely at one end of the sampling distribution, 
and in a 2-tailed test the region of rejection is located 
at both ends of the sampling distribution, a 2-tailed test 
has been used in this study. This is because we cannot be 
so specific and predict whether differences between frica- 
tives and plosives, as far as the values of their cross-over 
points are concerned, are significant, and it is unwise to 
mix the two tests when the difference is expected to go both 
regions for other phonetic categories. Furthermore, with a 
2-tailed prediction, i. e. non-directional hypothesis, we 
will analyze the data whichever direction the difference 
happens to be in. 
1. Differences between parametric and non-parametric statis- 
tical tests will be discussed in section 6.11 of this study. 
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It is the researcher who must specify a level of 
significance at which Ho is rejected after choosing the 
appropriate statistical test for his study. He determines 
the significance level related to his findings by stating 
that Ho will be rejected at that level. The significance 
level is simply the probability of making a type 1 error, 
i. e. "when we decide that the independent variable had an 
effect on the dependent variable when it did not have. " 
(Robson, 1973, pp. 34-35). Miller (op. cit. ) states that to 
specify a certain level of significance is essentially an 
arbitrary matter; a matter of convention rather than basic 
principle. Most experimental psychologists choose a sig- 
nificance level of 0.05. However, in certain circumstances 
we may even set ourselves a far more demanding level of 
significance so as to be that much more confident in any 
findings that reach our chosen level of significance. The 
lower the probability set for the significance level the 
greater the chance of making a type 2 error, i. e. "when we 
conclude that the independent variable had no effect on the 
dependent variable when in fact there was a genuine relation- 
ship. " (Robson, op. cit., p. 35). 
In so far as the results of our present study are 
concerned, two levels of significance for rejecting Ho have 
been chosen. The first level is ps0.01, where the 
differences between single and geminate consonants will be 
referred to as statistically highly significant. The second 
level is p>0.01 and p <_ 0.05, where the differences will 
be referred to as statistically significant. Therefore, 
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differences where p>0.05 will be referred to as statis- 
tically non-significant. In the text, the first and second 
levels of significance will be marked by the signs (**) and 
(*), respectively. The non-significant level will be left 
unmarked. 
4.5 Analysis of Results 
4.5.1 Method Used for Examining Results 
The items in the tests were set in random order, and 
for analysis of the results it was necessary to put the 
subjects' responses back into their original order. It was 
decided to use the computer to do this more efficiently. 
The computer was given the sequence of random numbers that 
had been used for randomizing the items, and then all the 
responses of the subjects were typed in. 
For each item the card number minus 5 was typed. 
That is, the first 5 dummies were excluded and out of the 
55 items that were recorded on the subjects' answer sheets 
the data for only 50 items were fed into the computer for 
each subject. Number Ill was typed in front of the items 
where the subjects indicated on the answer sheets that they 
had heard /hasan/ in the first listening test, and /badal/ 
in the second listening test. At the same time, number '2' 
was typed opposite to the items where the subjects indicated 
that they had heard /hassan/ and /baddal/ in the first and 
the second listening tests, respectively. 
For the purpose of displaying the results, it was 
decided to present the subjects' responses in the form of a 
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graph showing, for each duration, what percentage of a 
subject's responses was for single and what percentage was 
for geminate. In all cases the identifications start with 
complete separation (100% and 0%), and the two lines represen- 
ting single and geminate scores cross each other approximately 
in the centre of the graph. It was felt that the duration 
value at which the traces crossed was important; this is 
usually called the 'cross-over point'. 
4.5.2 Identification of Phoneme Boundary 
It has been stated in the previous section that 
for both listening tests the individual and the pooled 
responses of all subjects were made visible in the form of 
graphs representing the subjects' identification of the 
synthetic speech stimuli as Cs] or Iss], and as Ed] or [dd]. 
On the graphs, the red line indicates the identification 
of either Cs] or Cd]; while the green line indicates the 
identification of either Ess] or Cdd]. The graphs also show 
the percent judgments of the identification of the above 
synthetic speech items plotted against duration (in msec). 
Since six of the subjects participated in both listen- 
ing tests and the others in either of the two; therefore, 
our analysis of the results will first begin with those who 
took part in both tests and then we shall individually tackle 
the results of those listeners who sat only for either the 
first or the second listening test. 
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4.5.2.1 Results of Subjects who Participated in Both 
Listening Tests 
Figs. 4.12 and 4.13 show how subject HJ assigned 
the boundary between the single fricative [s] and its 
geminate cognate [ss], and between the single plosive Cd] 
and its geminate counterpart Cdd]. It is immediately apparent 
from the two figures that the boundary between the two sounds 
of both classes is reasonably sharp for this subject. It 
lies at about 190 msec of consonant duration. Before 160 
msec of duration the two singles [s] and Ed] were fully 
identified; whereas the two geminates Ess] and Cdd] were 
distinguished after 220 msec. 
Similarly, Figs. 4.14 and 4.15 indicate how subject 
AR identified the boundary between the same two fricatives 
Cs] and Ess], and the same two plosives Ed] and Cdd1. For 
this subject the two singles Cs] and Ed] were clearly dis- 
tinguished before 180 msec of consonant duration and their 
geminate partners Ess] and Cddl were identified after 220 
msec. However, for him the cross-over point representing 
the boundary between Cs] and Css] lies at about 197 msec of 
consonant duration, and that between Ed] and Cdd] lies at 
about 192 msec. It is also quite obvious from these figures 
that the phoneme boundary between the sounds of the two 
classes is reasonably sharp for this subject. 
For subject SA the boundary between Cs] and Ess] 
lies at about 189 msec of consonant duration. For him the 
single fricative Cs] was identified before 140 msec and the 
geminate Ess] after 200 msec of duration. If compared with 
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Figs. 4.12 and 4.13, Fig. 4.16 is clearly less sharp in so 
far as the phoneme boundary is concerned. Between 160 msec 
and 180 msec of consonant duration the subject showed un- 
certainty of phoneme identification; 80% of judgment was 
for the single [s] and 20% was for the geminate Ess]. On 
the other hand, a cross-over point indicating the boundary 
between the two plosives Ed] and Cdd] lies at about 176 msec 
of consonant duration. Ed] was identified before 160 ursec, 
and [dd] was identified after 220 msec. A region of uncer- 
tainty was, to a certain extent, shown at 200 msec of conso- 
nant duration, see Fig. 4.17. 
In Fig. 4.18 subject AA assigned the boundary between 
the single Es] and its geminate Ess] at about 183 msec of 
duration. It is quite evident from this figure that the 
identification of the phoneme boundary between the two 
consonants is reasonably sharp. [s] was identified before 
160 msec; while Ess] was distinguished after 200 msec of 
consonant duration. As for the boundary between the single 
plosive Cd] and its geminate partner Cdd], a cross-over point 
between the two consonants lies at about 208 msec of duration. 
Fig. 4.19 shows that the identification boundary between Cd] 
and Cdd] is less sharp than that between [s] and Css] for the 
same subject. The non-geminate Cd] was fully identified 
before 160 msec; whereas the geminate Cdd] was clearly 
recognized after 220 msec of consonant duration. In contrast 
with Fig. 4.16 of subject SA, this subject also showed 
uncertainty of phoneme boundary identification between 180 
msec and 200 msec of consonant duration; 80% of judgment was 
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for the single Ed] and 20% was for the geminate Edd]. 
Subject IM assigned a cross-over point indicating 
the identification of phoneme boundary between the single 
[s] and the geminate [ss] at about 176 msec of consonant 
duration. [s] was well identified before 140 ursec, and Ess] 
was clearly distinguished after 200 msec. For the same sub- 
ject the boundary between [d] and Cdd] lies at about 172 
msec of duration. He identified [d] before 160 msec, and 
Edd] after 200 msec. As illustrated in Figs. 4.20 and 4.21, 
the identifications "of the phoneme boundary between the two 
consonants of either class are reasonably sharp. 
Figs. 4.22 and 4.23 illustrate how subject AM 
assigned the boundary between the two fricatives [s] and [ss] 
on the one side, and between the two plosives Cd] and Cdd] 
on the other. [s] was well distinguished before 160 msec; 
whereas Iss] was clearly identified after 220 msec of 
consonant duration. Similar to that of Fig. 4.17, a region 
of uncertainty of phoneme identification between the two 
consonants is shown at 200 msec of duration, see Fig. 4.22. 
A cross-over point between the two fricatives [s] and Ess] 
lies at about 176 msec. On the other hand, this subject 
showed a reasonably sharper identification of phoneme boundary 
between the two plosives Cd] and Cdd]. The boundary lies 
at about 177 msec of consonant duration. He clearly identi- 
fied the non-geminate Cd] before 160 msec and the geminate 
Cdd] after 200 msec. 
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4.5.2.2 Results of Subjects Who Participated in Either 
the First or the Second Listening Test 
In Fig. 4.24 subject TK identified the boundary 
between the single fricative [s] and its geminate counterpart 
Ess] at a cross-over point lying at about 189 msec of 
consonant duration. He clearly distinguished the non-geminate 
Cs] before 150 msec, and the geminate Css] after 200 msec. 
Just like subject SA (Fig. 4.16), this subject showed un- 
certainty of. phoneme identification in the region that lies 
between 160 msec and 180 ursec of consonant duration. A 
judgment of about 80% is shown for identifying the single 
fricative [s], and the geminate cognate Ess] judged at about 
20%. In the meantime, a less degree of uncertainty of phoneme 
identification was shown by subject AH at 160 msec of 
consonant duration, see Fig. 4.25. This subject assigned a 
boundary between [s] and [ss] at a cross-over point having 
the durational value of 184 msec. For him the single [s] 
was fully identified before 140 msec; while the geminate [ss] 
was clearly distinguished after 200 ursec of duration. 
Fig. 4.26, on the other hand, illustrates how 
subject FA assigned the boundary between the same two 
consonants, i. e. Cs] and Css]. An inspection of this figure 
will reveal the fact that the boundary between the two 
consonants is apparently sharp. He identified the single 
Cs] before 140 msec, and the geminate Ess] after 180 msec 
of consonant duration. The boundary between them lies at 
about 163 msec. A similar sharp configuration representing 
the boundary of phoneme identification was shown by subject 
HK. However, an examination of Fig. 4.27 will show that the 
-245- 
results produced by this subject is in remarkable agreement 
with that of subject AR (Fig. 4.14) in the way they assigned 
the boundary between the single [s] and its geminate counter- 
part [ss]. For both subjects [s] was clearly identified 
before 180 msec, and Css] was fully distinguished after 220 
msec of consonant duration. What differentiates between the 
two subjects is that the boundary between the two consonants 
lies at about 192 msec for subject HK, and it lies at about 
197 msec for subject AR. 
In regard to the identification of the single 
plosive [d] and its geminate cognate Edd7, Fig. 4.28 shows 
how subject RK assigned a boundary between the two sounds 
at a cross-over point lying at about 184 msec of consonant 
duration. For this subject Cd] was apparently distinguished 
before 160 msec, and Eddl was well identified after 220 msec. 
It is quite evident from this figure that the boundary between 
the two sounds is reasonably sharp. For subject MA the 
boundary between the same two consonants occurred at a cross- 
over point that lies at about 183 msec of duration. He 
distinguished the single [d] before 160 msec, and the geminate 
Cdd] after 200 msec. It is also obvious from Fig. 4.29 that 
the boundary between the two sounds, for this subject, is 
reasonably sharp. Similarly, Fig. 4.30 shows how subject FN 
clearly identified Cd] before 160 msec, and Eddl after 200 
msec of consonant duration. He assigned a boundary between 
the two sounds at 172 msec. Fig. 4.30 illustrates that the 
boundary between Cd] and Eddl is also reasonably sharp for 
this subject. 
ý rý >ý 
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In contrast with the results obtained by the other 
subjects, a rather extreme value of consonant duration 
indicating the boundary between the single [dl and its 
geminate counterpart Cddl was shown by the two subjects AA 
and CG. Fig. 4.31 shows how the latter assigned the boundary 
between these two sounds at a cross-over point lying at about 
203 msec of consonant duration. For him Ed] was fully 
identified before 180 msec, and Cddl was well distinguished 
after 220 msec. The boundary between the two consonants 
has a reasonably sharp form. 
The values of cross-over points resulting from the 
subjects' responses in the two listening tests are presented 
in tables 4.1 and 4.2. Table 4.1 shows the durations of 
cross-over points (in ursec) of the first listening test; 
whereas table 4.2 illustrates the durations of cross-over 
points (in ursec) of the second listening test. 
When the overall values between the two classes of 
consonants were subjected to the evaluation of Mann-Whitney 
U-test to find out the significance level, the results 
indicated that the differences between the values of the 
cross-over points of [s] in /hasan/ versus [ss] in /hassan/ 
and of Ed] in /badal/ versus Cdd] in /baddal/ are statisti- 
cally non-significant, with p value at 0.9699. Table 4.3 
shows the differences of values of cross-over points (in msec) 
between the fricatives [s] and Ess] on the one side, and 
between the plosives Ed] and [dd] on the other. 
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Table (4.1) Durations of cross-over points (in msec) 
of test (1) 'hasan and hassan'. 
Subjects 
Cross-over 
points 
HJ 190 
AR 197 
SA 189 
AA 183 
IM 176 
AM 176 
TK 189 
AH 184 
FA 163 
HK 192 
Mean 184 
S. D. 9.9 
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Table (4.2) Durations of cross-over points (in ursec) 
of test (2) 'badal and baddal'. 
Subjects 
Cross-over 
points 
HJ 190 
AR 192 
SA 176 
AA 208 
IM 172 
AM 177 
RK 184 
MA 183 
FN 172 
CG 203 
Mean 186 
S. D. 12.5 
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Table (4.3) Differences of values of cross-over points 
(in msec) between fricatives and plosives. 
Tokens [s] - [ss l [d] N Edd1 
1 190 190 
2 197 192 
3 189 176 
4 183 208 
5 176 172 
6 176 177 
7 189 184 
8 184 183 
9 163 172 
10 192 203 
Mean 184 186 
S. D. 9.9 12.5 
U 49 
p 0.9699 
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4.6 Discussion 
In the previous chapter of our present study, 
evidence has been presented to indicate that geminate 
consonants are considerably longer than non-geminate 
consonants, whether they occur word-initially or word- 
medially. A geminate fricative or plosive was shown to be 
twice or three times longer, in terms of duration, than 
its single counterpart when occurring in the same phonetic 
context. These acoustic findings have been later proved 
to be perceptually true. 
Our experiments on speech synthesis have confirmed 
the findings referred to in our acoustic experiment. The 
two listening tests conducted in our two experiments of 
this chapter have indicated that listeners could easily 
distinguish geminate consonants from their non-geminate 
partners in synthetic speech when the duration of the 
consonant was varied. A fact that has been apparently 
illustrated by means of a number of graphs representing 
the subjects' responses in the two listening tests. The 
graphs have also indicated that some subjects showed un- 
certainty in identifying a single consonant from its 
geminate cognate. This uncertainty of phoneme identifica- 
tion was generally between the regions 160-200 msec. 
With reference to the above statement, one would 
like to know whether the cross-over point was affected by 
our choice of the shortest and longest duration values. 
More specifically, whether the cross-over point would move 
20% higher if we started with a minimum or a maximum dura- 
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tion of 20% longer than the one we used in our present 
experiments. If this was really the case, then one would 
also like to know the extent to which the listener's cross- 
over point would be shifted if we kept the s-ss continuum 
durations and the d-dd continuum durations constant but 
made the carrier sentence's segment durations shorter or 
longer. To answer these questions we would, undoubtedly, 
need to keep on doing more and more experiments around this 
area such as, for instance, taking a duration continuum of 
some non-speech sound, in the same way as that suggested 
by Liberman et al. (1957, p. 367), and see how sharply the 
listeners' long versus short judgments cross over. Such 
an experiment, very clearly, lies beyond the scope of our 
present investigation. 
However, it is our aim now to show whether the 
listeners' identification of single consonants from their 
geminate partners occurs categorically, i. e. they are always 
and only perceived as tokens of a particular phonetic type. 
(Studdert-Kennedy, 1973). This makes it necessary, at this 
stage, to refer to those studies1 that dealt with the pheno- 
monon of 'categorical perception' and discuss whether the 
data we have obtained from our two experiments on speech 
synthesis are an example of it. 
4.6.1 Categorical Perception 
In section 4.2.1 it has been explained that early 
works dealing with speech synthesis showed that an approp- 
1. Some of these works have already been discussed in 
section 4.2.1. 
ýý ý 
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riate procedure for defining the acoustic properties of 
a phoneme segment was to construct tokens of opponent 
categories, distinguished on a single phonological feature, 
by varying a single acoustic parameter along a continuum. 
For example, changing /ba/ to /da/, /da/ to /ta/, /ba/ to 
/ga/, and so on. (Studdert-Kennedy, 1979). When these 
tokens were presented to listeners for identification, they 
tended to identify any particular stimulus in the same way 
every time they heard it. It was also found that when the 
listeners were instructed to discriminate between adjacent 
tokens, they tended to respond very badly if they assigned 
the two tokens to the same category; yet they responded 
very well if they assigned them to different categories 
despite the fact that the acoustic distance between the 
tokens was identical in the two categories. 
Categorical perception assumes that listeners can 
discriminate two sounds only to the extent that they can 
identify them as different. Since discrimination is thus 
based exclusively on the phonetic category labels, the 
obtained discrimination function must be non-significantly 
different from that predicted from the identification data. 
Ferrero et al. (1982) remarked that when the discrimination 
function may be predicted from the identification function, 
that is, when the discrimination is based exclusively on 
the phonetic category labels, as in the case for plosive 
consonants, the perception is said to be 'categorical'. 
On the other hand, when the obtained discrimination function 
is better than the predicted, it means that the subjects 
ýt 
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discriminate differences which they cannot identify and 
perception is said to be 'continuous'. 
In an earlier paper, Studdert-Kennedy et al. (1970) 
stated that categorical perception "refers to a mode by 
which stimuli are responded to, and can only be responded 
to, in absolute terms. " [p. 234). They reported that success- 
ive stimuli which were drawn from a physical continuum were 
perceived. as members of discrete categories and not as 
forming a continuum. This is to say, they were identified 
independently of the context in which they existed. Carney 
et al. (1977) found that a subject's discrimination perfor- 
mance was determined by phonetic judgments rather than by 
auditory judgments. They commented that "since identifica- 
tion functions can be made arbitrarily steep by appropriate 
scaling of the stimulus dimensions, the second condition, 
that pertaining to discrimination performance, is the more 
restrictive. " [p. 961]. They also added that the condition 
implied a true discrimination threshold; within-category 
differences were subthreshold and were never perceived, where- 
as between-category differences were suprathreshold and 
were always perceived. This is, probably, why the existence 
of such thresholds is not universally accepted; while the 
threshold like properties of categorical perception perhaps 
underlie the controversy surrounding this concept. 
For the Haskins Laboratories researchers the term 
categorical perception is primarily restricted to the 
perception of speech stimuli and that it is typical with 
consonants rather than with vowels. Concerning the voicing 
4 
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feature, their studies on speech synthesis, indicate that 
the distinction between voiced and voiceless sounds is 
perceived in a categorical mode. The listeners tend to 
respond to the speech sounds that will be identified as a 
single phonetic segment. Liberman et al. (1961), for 
instance, found that synthetic speech stimuli which varied 
in steps that were acoustically equal through the range 
sufficient to produce the initial plosive consonants Cd] 
and [t] were heard as members of discrete categories. When 
listeners were exposed to hear the neighbouring pairs of 
these stimuli in an ABX procedure1 for a discrimination 
test, they were able to discriminate stimuli extracted 
from different phonetic categories, but unable to discrimin- 
ate between those stimuli extracted from within the same 
phonetic category albeit the acoustic differences were 
comparable in both cases. 
The distinction between categorical and continuous, 
i. e. non-categorical, modes of perception has played a sig- 
nificant role in theoretical discussions of speech perception. 
Pisoni and Lazarus (1974) reported that some researchers, 
e. g. Liberman (1970); Liberman et al. (1967); Stevens and 
House (1972), have been led to propose that the perception 
of speech may involve specialized perceptual processes that 
are basically different from the process involved in the 
perception of auditory stimuli unlike speech. They 
contended that when listenrs were exposed to certain classes 
1. Also see section 4.2.1 for further details about the ABX 
procedure for a discrimination test. 
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of speech sounds their ability to identify and discriminate 
between them on an auditory basis was somehow constrained. 
Listeners did not perceive these stimuli as isolated 
acoustic events but rather responded to them with reference 
to their linguistic knowledge. 1 
Liberman (op. cit. ) stated that the phenomenon of 
categorical perception is an unusual result to get in 
psychological experiments with nonspeech sounds, and 
stimuli that vary along continua of physical nature, such 
as intensity and/or frequency, are normally perceived in 
a continuous mode. Pisoni and Lazarus (op. cit. ) commented 
on this point saying that "the discrimination functions 
are usually monotonic with the physical scale, and the 
listeners can discriminate many more stimuli than they can 
reliably identify in absolute terms. " [p. 328]. 
For Pastore et al. (1977) the term categorical 
perception refers to the apparent responding to stimuli only 
in absolute terms. They suggest that categorical perception 
involves the following four basic factors: 
a) distinct labelling categories separated by a 
relative sharp boundary; 
b) regions or 'troughs' of chance performance for 
discriminating stimuli within the same category; 
C) a peak in the discrimination function at the 
category boundary; and 
1. Cf. Studdert-Kennedy, 1974, p. 2360. 
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0 
d) a close correspondence between the actual discrimina- 
tion performance and performance predicted on the 
basis of the assumption of absolute categorization 
along the given continuum. 
1 
Liberman et al. (op. cit. ), depending on a number 
of experimental studies involving the perception of speech 
and non-speech stimuli, proposed a model for speech percep- 
tion which assumes that phonological units are identified 
by a special decoder which refers the incoming speech sounds 
to the invariant neuromotor commands controlling the 
articulatory muscles. This model and others2 have been 
dubbed 'the motor theory of speech perception'. 
This theory was comprehensively criticized by Lane 
(1965) who questioned the appropriateness of the nonspeech 
control stimuli applied in a number of investigations dealing 
with the phenomenon of categorical perception. According 
to Lane the nonspeech control stimuli should be equivalent 
to the speech stimuli, and "in order to assess the degree 
to which the speech-discrimination functions reflect acquired 
similarity, acquired distinctiveness, or both, it is necessary 
1. Following Studdert-Kennedy et al. (op. cit. ), Pastore 
(1976) suggested three major criteria which are specified 
for the phenomenon of categorical perception. They are: 
"First, the labelling function must be clear-cut, with 
relatively sharp boundaries between identified groupings. 
Second, distinct peaks in the discrimination function must 
appear at these boundaries. Finally, there must be good 
agreement between the obtained discrimination function and 
the discrimination function predicted on the basis of assumed 
absolute categorization. If the first criterion is met, 
this last criterion should include the presence of definite 
'troughs' of chance performance in the discrimination function 
within categories. " [p. 2531. 
2. For example, see Stevens and House (op. cit. ), and other 
works by the researchers of the Haskins Laboratories. 
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to have a base line of discrimination which presumably 
reflects the discriminability of the speech stimuli 'in 
the row' - that is, before language learning has taken 
place. " [p. 283]. He pointed out that the control stimuli 
should be comparable to the speech stimuli, varying in 
the same acoustic properties and with the same constant 
parameters, so that the difference in discriminability of 
the speech and control stimuli might not be attributed to 
a difference in the psychophysical task. Lane also cited 
the fact that the discrimination functions obtained for 
speech stimuli are somewhat better than predicted on the 
basis of the labelling functions. He stated that the 
obtained discrimination functions lie, at all points, 
somewhat above those predicted, suggesting that the listener 
can discriminate between two speech stimuli slightly more 
often than he can identify them absolutely. Pastore (op. cit. ) 
remarked that Lane drew our attention to the existence of 
small peaks in the discrimination functions for speech 
stimuli which did not match with categorical boundaries and 
therefore must not be 'a product of absolute categorization'. 
Lane (op. cit. ) rejected the claims of the Haskins 
Laboratories researchers for the motor theory of speech 
perception. He considered some methodological limitations 
of previous studies that supported the motor theory of 
speech perception and presented evidence indicating that 
the reported relations between identification and discrimina- 
tion functions are not all unique to the perception of 
consonants but describe as well the perception of vowels 
and of entirely nonlinguistic stimuli. He believed that 
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these findings with nonlinguistic stimuli militate against 
the postulation of a special perceptual mechanism for 
speech. As for the opinion put forward by the researchers 
of the Haskins Laboratories that perception of the 
consonants is more categorical than is perception of the 
vowels, Lane stated that "the same findings for the vowels 
stimuli also contravene the motor theory for this reason: 
the theory maintains that the perception of most consonants 
is discontinuous or categorical because they covertly evoke 
discontinous articulations whose discretely different sensory- 
feedback controls the overt identifications, whereas the 
perception of vowels is continuous because the mediating 
articulations are continuous and provide similar sensory 
returns. " [p. 292]. He, then, concluded that there was 
considerable evidence to support the conclusion that the 
general form of labelling functions for consonant continua 
did not differ from that for vowel and nonlinguistic 
continual; besides there was also evidence that the detailed 
form of labelling gradients for consonant and nonlinguistic 
continua did not differ appreciably. For him the relation 
between the identification and discrimination of consonants 
is also found with vowels and nonspeech stimuli, and that 
"these relations are attributable to the general paradigm 
for discriminative training and testing and that'the 
postulation of a special perceptual mechanism for the dis- 
crimination of speech stimuli is unwarranted. " [p. 3071. 
1. Cf. Studdert-Kennedy et al., 1970. 
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Lane's critical review of the motor theory of 
speech perception was opposed by Studdert-Kennedy et al. 
(op. cit. ) who strongly expressed their disagreement with 
Lane's interpretations. They remarked that they could 
not agree with the implication that the degree of categori- 
cal perception did not differ from those several types of 
continua "since a sharp identification function is not a 
sufficient condition of categorical perception. " [p. 237]. 
They also confirmed a previous remark that subjects might 
learn to identify stimuli consistently if the stimuli were 
spaced widely enough along the continuum. Studdert-Kennedy 
and his co-workers criticized Lane's attempts to establish 
categorical perception of nonspeech stimuli by identifica- 
tion training. They stated that "while training may, for 
some subjects, increase distinctiveness between categories 
and produce a degree of categorical perception such as 
that found with vowels, we have no evidence for an approach 
through training to decreased distinctiveness within 
categories and the degree of categorical perception found 
with consonants. " [p. 242]. 
The basic disagreement between Lane and Studdert- 
Kennedy et al. (op. cit. ) was that in the interpretation of 
the concept of categorical perception. While Lane believed 
that categorical perception was merely a consequence of 
discrimination training, Studdert-Kennedy and his colleagues 
were willing to entertain the hypothesis that it reflects 
some structurally determined process, adapted to the complex 
code that links the sounds of speech to the phonetic message 
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they convey. They believed that the basic difference 
between plosive consonants and steady-state vowels was 
that "plosives are more complexly encoded in the sound 
stream and, therefore, more in need of a special speech- 
sound processor. " Cp. 2481.1 They claimed that both 
experience and training were sufficient conditions for 
categorical perception or for other characteristics of 
perception in the speech mode, and that categorical percep- 
tion would be one result of the operation of a special 
decoding device available to man as part of his species - 
specific capacity for-language. They also pointed out that 
Lane did not deny that perception might be categorical, and 
added that he saw the phenomenon as quite general. 
Recently a number of studies have demonstrated 
categorical perception with musical stimuli. Burns and Ward 
(1974), for example, have conducted an investigation of the 
perception of musical intervals by experienced musicians 
using the usual procedures related to categorical perception 
experiments. Identification and discrimination functions 
have been successfully obtained from points spaced equally 
along a physical continuum; that is to say. "equal distances 
in cents along the logarithmic frequency scale defining 
musical pitch. " [p. 456]. The results obtained have shown that 
the musicians exhibit categorical perception, some to a 
degree approaching that shown in the perception of stop 
consonants. 
The study by Cutting and Rosner (1974), on the other 
hand, has clearly demonstrated categorical perception for 
1. Cf. Liberman et al., 1967. 
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nonspeech stimuli. The rise time of three types of stimuli 
was varied in 10 - msec steps between 0 and 80 msec. The 
three types of stimuli were: sawtooth wave, speech syllable, 
and sinusoid. The results were clear and equivalent both 
with the sawtooth and speech stimuli; while in the case of 
the sine waves somewhat similar discrimination results were 
obtained, and at the longer rise times the labelling 
categories were less well separated. The investigators also 
noted that categorical perception was typically demonstrated 
with complex auditory signals, i. e. plosive consonants, 
noise-buzz sequences, and sawtooth waveforms, by varying 
the onset times of the given stimuli which all exhibited 
categorical boundaries at onset times of approximately 20 
msec. Pastore et al. (1977) stated that "this similarity 
would seem to imply the existence of a common causality 
for the categorical perception of stimulus-onset manipula- 
tions. " [p. 695]. 
Other researchers (e. g. Eimas, 1975; Kuhl and 
Miller, 1975; Morse and Snowdon, 1975) have extended their 
work and carried out a number of experiments which have 
indicated that young infants and even some animals such 
as chinchillas and rhesus monkeys might exhibit categorical 
perception. These studies implied that the phenomenon of 
categorical perception might even be more general, and was 
probably more basic, than implied by previous investigations 
in this field of speech perception. 
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4.6.2 Categorical Perception in Relation to Our Present 
Data 
In the light of the results obtainable in the 
present experiments on synthetic speech, it is still diffi- 
cult for us to prove whether these results reflect a genuine 
case of the phenomenon of categorical perception despite the 
fact that one may get the impression that they do so simply 
by having a glance at the graphs showing the responses of 
the subjects who participated in the two listening tests. 
It is a fact, however, that a really detailed study of the 
perception of single versus geminate differences would need 
a thorough examination, and experimental follow-up, of 
various factors. Among these factors is the most important 
question of the possibility of a categorical perception 
effect which we have already reviewed in the preceding 
section. In order to pursue this question, at least in 
later research work, it is very clear that we would need to 
conduct a parallel experiment using the same duration 
continuum to test for peaks in the discrimination function, 
or we would need to do further synthetic experiments aiming 
at illustrating non-categorical perception, i. e. non- 
linguistically significant differences, such as vowel duration 
or, for instance, word-initial [y] versus Cyy]. The latter 
example is linguistically non-significant because gemination 
does not exist in this case in Arabic. Nevertheless, if 
this had been predominantly a perceptual/synthetic study, 
and if time had permitted, then we would have done so. 
It is quite obvious that the above statement will 
lead us to the fact that if we want to consider whether the 
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differences in duration between single and geminate 
consonants studied in our present experiments are within 
the range that a human listener can detect, then it would 
be a plausible idea to refer to the difference limens 
(DL'S for short)1, or as it is sometimes called the just- 
noticeable differences (JND's for short). It is believed 
that phoneme identification tests seem to be an excellent 
way of measuring DL's despite their remoteness from normal 
speech perception (Schouten, 1980; Nooteboom, 1981). 
Works by Stott (1935), Henry (1948), Small and 
Campbell (1962), Ruhm et al. (1966), Chen (1970) and 
Huggins (1972) have copiously dealt with the DL's for 
duration. A considerable amount of work has been done 
aiming at establishing the Weber ratio, namely AT/T, for 
various reference durations. The Weber ratio is "the ratio 
LT/T, that is change in duration over reference duration. " 
(Lehiste, 1970, p. 11). According to Weber's hypothesis 
the ratio between the stimulus increment and the reference 
stimulus is a constant, and these constant ratios apply to 
all sense modalities. 
Stott's (ibid. ) experiment aimed at making an 
accurate and thorough discrimination of the constant or 
time-order errors which occur in comparing short tonal 
durations, i. e. intervals of time filled with continuous 
tone. He used the method of constant stimuli, and a 
complete stimulus presentation consisted of a standard 
1. The DL has been defined as "the smallest detectable change in a stimulus. " See Moore, B. C. J. (1977). Introduction to 
the Psychology of Hearing. Macmillan Press Ltd., p. 127 and 
p. 302. For other relevant definitions, see Stevens and Davis, 1938, p. 84; Denes and Pinson, 1963, p. 114. 
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duration and a variable duration separated by an interval 
of silence of 1.5 sec. His data were for a 1000 cycle tone 
at an unspecified level with an interstimulus intervals 
of 1.5 sec. 
Henry's (op. cit. ) investigation, on the other hand, was 
concerned with the nature of the difference limens for 
duration of very brief sounds ranging from about 30 msec 
to nearly / sec in length, with some explanation of the 
effects on this limen of variations in stimulus quality and 
intensity. He established the Weber ratio and the absolute 
DL to be 0.196 and 21.56 msec respectively, for a comparable 
reference duration of 100 msec. The results of his three 
experiments indicated that the Weber ratios were not 
consistent. He remarked that by comparing the Weber ratio 
at short and long durations, there was confirmation of the 
trend for a smaller ratio at the longer duration. In so 
far as the Weber ratios and the DL's were concerned, his 
results showed clear differences from those reported by 
Stott. He believed that those differences were probably 
caused by using different experimental techniques and 
different instrumentation in the two studies. 
Small and Campbell (op. cit. ) tried to determine 
the differential threshold for duration and investigate 
discrimination at very short durations. They used a wide 
range of acoustic stimuli. The test signals were tones of 
250 and 5000 Hz, and noise was presented at a 50-phon level. 
DL's were assessed across a range of reference duration 
between 0.4 and 400 msec, and at reference durations where 
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comparisons were possible, the limens obtained by Small 
and Campbell were in the same order of magnitude as those 
reported by Henry (op. cit. ) and by Stott (op. cit. ). It 
was found that Weber's law did not hold across the reference 
durations used; the shorter durations yielding the larger 
limens. They also found no constant error when reference 
durations of 40 ursec or longer were used in conjunction 
with inter-signal intervals of 0.2 sec or higher. 
The Weber ratio and absolute DL's established by 
Ruhm et al. (op. cit. ), Chen (op. cit. ) and Huggins (op. cit. ) 
were much smaller than those found in earlier investigations. 
Ruhm et al., for instance, reported a Weber ratio of 0.0260 
or an absolute DL of 2.6 ursec for a reference duration of 
100 ursec. Lehiste (op. cit. ) commented on the apparent dis- 
crepancies in the DL's established by earlier studies as 
against those expounded in more recent investigations. She 
stated that "the research technique employed in-the more 
recent study, was probably more conducive to testing the 
limit of the auditory sensitivity of the subjects. " C p. 123. 
She also pointed out that it was perhaps a reasonable 
assumption that the DL's established by Ruhm et al. 
represented the limit of perceptibility under optimal 
conditions; whereas it appeared likely that in a speech 
condition, the JND's established by Henry and Stott might 
apply. It is, therefore, immediately evident that the 
Weber ratios and DL's established in Ruhm's study are much 
smaller than those found in other previous studies. More- 
over, Ruhm et al. (op. cit. ), using frequencies of 250 and 
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1000 Hz, found that signal frequency had no effect on the 
magnitude of DL's for duration. They discovered that 
sensation level affected the perception of differences in 
duration; a smaller limen was obtained at 50 dB sensation 
level than at 10 dB sensation level. 
Chen (op. cit. ) combined both Stott and Henry's 
findings, and compared them with his own data. He consid- 
ered the mean vowel duration in each of the six different 
languages he studied as a reference duration equivalent to 
the reference duration in Stott and Henry's data. He also 
considered that the mean difference of vowel duration as 
a function of the voicing of the following consonant as 
equivalent to the AT. Fujisaki et al. (1975) found that 
the DL near a phoneme boundary for a two-syllable word 
spoken in isolation or in a carrier sentence was about 10 
msec for vowels, fricatives and nasals. On the other 
hand, Klatt (1976) reported that such small values approached 
basic psychophysical limits for duration discrimination. 
Studies resulting in these small DL's, as Klatt pointed out, 
usually provide subjects with the opportunity to perceive 
individual segments, words or sentences repeatedly, this 
permitting a stable reference pattern to be built up. After 
considering results from experiments offering less favour- 
able conditions for discrimination, and perhaps more compar- 
able with a normal speech hearing situation, Klatt concluded 
that changes of less than about 25 msec were perceptually 
of considerably less importance than changes above this 
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duration, and that only changes of about 20% or more in 
duration served as significant perceptual cues. 
Now, after all that has been discussed about 
establishing the DL's for duration, we are inclined to accept 
the suggestion put forward by Lehiste (op. cit. ) that the 
range of the durations of speech sounds -usually from 30 
to about 300 msec - the JND's in duration are between 10 
and 40 ursec. This fact has been quite recently confirmed 
by an investigation on vowel duration in Iraqi Arabic. 
Hassan (1981), following Lehiste's suggestion, finds that 
in all his mean differences of vowel durations none is 
below that range, and adds that some of them are even higher. 
He draws the conclusion that differences of duration for 
all the sequences hovering around or above the DL's line 
are likely to be perceived by the listeners. 
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Figs. (4.12-4.33) 
Graphs of Identification Functions for Perception 
Experiments: /hasan - hassan/ and /badal - baddal/. 
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CHAPTER FIVE 
PALATOGRAPHIC STUDY OF GEMINATE CONSONANTS 
IN I. C. ARABIC 
5.1 Introduction and Aims 
Palatography is generally defined as the technique 
used to register the location of contacts the tongue makes 
with the palate and teeth during speech. (Hardcastle, 1978). 
Generally speaking, two methods of palatography have been 
reported, namely the direct and indirect methods, which were 
originally developed by dental surgeons. (Coles, 1872; 
Kingsley, 1880). Since then, the two methods have been 
largely exploited for linguistic research by a number of 
scholars (e. g. Witting, 1953; Anthony, 1954; Abercrombie, 
1957; Firth, 1957; Ladefoged, 1957; Jones, 1960; Strenger, 
1968) among others. Both techniques are now included under 
the more general heading 'traditional or static palatography'. 
(Hardcastle, ibid. ). 
Abercrombie (1957, p. 21) uses the term 'direct palato- 
graphy' to mean the investigation of articulatory movements 
by means of marks made directly on the roof of the mouth, 
as distinct from the more usual technique which employs an 
artificial palate. In direct palatography, the palate of 
the subject's mouth is directly and completely coated with 
some substance; very often a mixture of powdered charcoal and 
chocolate. Palatographic records of the articulated sounds, 
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normally known as palatograms, can be made for the subject's 
palate immediately after some of the substance has been wiped 
off by the tongue. The wipe-off represents the location of 
the tongue contact with the palate. 
On the other hand, in the indirect technique of palato- 
graphy, instead of covering the palate directly with the 
powdered mixture, an artificial palate, usually made of 
acrylic or vulcanite, is painted with some material which 
will be removed by the subject's tongue when contact is made. 
The artificial palate is then inserted into the subject's 
mouth and, after articulating the investigated sound, it is 
immediately withdrawn to be carefully inspected by the 
investigator at leisure. The wipe-off of the colouring medium 
on the artificial palate is taken to represent the regions 
of tongue contact with the palate. 
Despite the fact that the indirect method is cleaner, 
more efficient and gives sharper outline of tongue contact 
than the direct method (Hardcastle, op. cit. ), the latter 
method has a number of important advantages over the former 
one. For instance, some researchers (e. g. Abercrombie, 1957; 
Ladefoged, 1957; Hardcastle, 1971) remark that it is possible 
with direct palatography to study and compare the articula- 
tions of a relatively large number of subjects without a 
great deal of preparation; whereas indirect palatography 
entails the manufacture of an artificial palate for each 
subject which makes the whole process time consuming par- 
ticularly as a plaster impression of the subject's palate 
must first be taken. Hardcastle (op. cit., p. 100) reports 
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that results from indirect palatographic investigations are 
thus usually of limited value as they are based on the study 
of a few individuals only. Unlike the indirect method, the 
direct method of palatography need not affect the normal 
articulation of a sound owing to the presence of the artifi- 
cial palate as a foreign object inside the subject's mouth. 
It also enables the investigator to examine a far wider 
range of articulations due to the fact that the mixture 
powder employed in this technique can cover the soft palate 
and the teeth as well as the hard palate. It consequently 
permits the investigation of velar consonants and articulations 
involving contacts between the tongue and teeth. (Hardcastle, 
op. cit. ). 
In addition to the above mentioned advantages, the 
direct method has been extensively used for pedagogical 
purposes in many experimental phonetics laboratories because 
of its general simplicity and relative inexpensiveness. In 
this respect, Abercrombie (op. cit. ) states that "Articulatory 
movements which are not visible are not easy to grasp for 
beginners in phonetics, whose kinesthetic sense is usually 
still undeveloped for the tongue. Descriptions of these 
movements can be made more real and less purely theoretical 
by means of palatography (which must be active participation 
in palatography, not just the exhibition of other people's 
palatograms); but the labour and expense involved in making 
artificial palates for each member of a large class would 
normally rule its use out. " Cp. 25]. 
Although palatograms are normally made for single 
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isolated sounds which involve the tongue-palate contact, 
it is also possible to produce a palatographic record of 
the entire word consisting of a composite picture made up 
of a number of continually changing contacts. (Hardcastle, 
1978). The technique of word-palatography was extensively 
used to examine certain prosodic features in different 
languages by Firth (1948) and some of his disciples. Lade- 
foged (1957) points out that no matter which system of 
palatography is employed, i. e. either the direct or the 
indirect method, the results of a palatographic investigation 
will be articulatory data in the form of diagrams or photo- 
graphs. He also remarks that any diagram or photograph of 
the palate is a two dimensional representation of information 
which was originally in three dimensions. Accordingly, 
palatograms often fail to convey important information 
concerning the'shape and depth of the palatal cavity, and 
the position and slope of the alveolar ridge. Hardcastle 
(1971) comments saying that "Without such information, it 
is extremely difficult to compare the articulations of 
different speakers. " [p. 101]. 
Ladefoged (ibid., p. 766) suggests what he calls the 
'contour system' for providing a representation of the depth 
of the palate. According to this system, each palatogram is 
accompanied by a diagram showing a sagittal section of the 
palate. This can be obtained by sawing along the mid-line 
of a cast of the roof of the mouth. He claims that such a 
diagram, representing the sagittal section of the palate, 
will be inaccurate in so far as it fails to take into account 
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the movements of the soft palate, which may be important 
in speech. But it will give a satisfactory outline of many 
of the important features of the roof of the mouth. He 
also contends that knowing the shape of the roof of the 
mouth, it is often possible to deduce the probable shape of 
the tongue during the articulation of the consonant in an 
utterance. After gaining experience with palatography, the 
information necessary for making a very approximate diagram 
of the presumed position of the tongue may be obtained by 
comparing a palatogram with a cast of the roof of the mouth. 
However, despite the extensive use of the technique 
of static palatography, both the direct and the indirect 
method, in linguistic research, it has been found to be 
limited in the investigation of speech sounds in that it 
gives a single static representation of what is essentially 
a dynamic event. (Hardcastle, 1978). Furthermore, this 
technique primarily involves the insertion or application 
of some foreign body or substance, viz. an artificial palate 
or a powder mixture, into the subject's mouth which may 
possibly, though minimally, cause distortion of normal 
articulation. 
Speech researchers (e. g. Kydd and Belt, 1964) believed 
that in the past there had been no reliable method of 
sequentially determining where the tongue comes in contact 
with the hard palate during connected speech. Cinefluoro- 
graphy, for example, has been used to provide some valuable 
spatio-temporal data on articulatory activities of the speech 
organs and to demonstrate that the tongue is in contact with 
-274- 
the palate. But this technique gives no indication as to 
the area of tongue contact and it does not show the lateral 
areas of the tongue in contact with the palate and teeth. 
What is more important, it is severely limited by the risk 
of radiation damage. (Hardcastle, 1970,1972). Other 
methods, such as magnetometer, ultrasonic techniques and jaw 
movement transducers are being developed as alternatives to 
X-ray but they do not show tongue-palate contact area either. 
On the other hand, despite being useful techniques in study- 
ing articulatory kinematics, spectrographic measurements 
and electromyographic recordings provide only indirect evidence 
of actual movements of the articulators which must be 
inferred either from electrical activity in the muscles, 
which precedes them, or from the acoustic vibrations in the 
air, which succeed them. (Butcher and Weiher, 1976). Not 
only does electromyography precede and acoustics follow but 
also (a) when electromyography is done, usually only a small 
fraction of the possible forces are monitored, so the picture 
conveyed may be misleading, and (b) whereas a given vocal 
tract shape defines precisely its acoustic properties as a 
resonator, the reverse is not true: a given set of resonances 
(formants) can arise from different vocal tract shapes. 
That is, the mapping from acoustics back to articulation is 
likely to be one-to-many, not one-to-one. Also, the relation- 
ships between articulatory movements and acoustic pattern 
changes are non-linear, i. e. in some cases a small articulatory 
change will result in very little acoustic change, whereas 
in other cases, from the same small articulatory change, a 
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large acoustic effect may result. 
However useful in speech research electromyography 
is, in so far as the tongue is concerned, it is limited 
largely to investigating electrical potentials associated 
with contraction of some of the extrinsic lingual muscles 
only; besides it "has to be largely limited to the use of 
surface electrodes, rather than of needle or hooked-wire 
electrodes, thus making the interpretation of data difficult. " 
(Hardcastle, 1970, p. 54). More recently, however, bipolar 
hooked-wire electrodes have been used by some researchers 
(e. g. Tuller et al. 1981a, 1981b) to record electromyographic 
activity from the anterior portion of the genioglossus muscle. 
A device designed to delineate the continuous movement 
of the tongue temporally and spatially would be of great 
benefit to speech scientists for obtaining detailed informa- 
tion on the dynamics of lingual articulation. The need of 
such devices has greatly encouraged the development of 
electropalatography; a technique which aims primarily to 
provide information about one particular aspect of lingual 
activity, namely details of the exact location and timing 
of contacts that the tongue makes with the palate during 
connected speech. (Hardcastle, 1972). It is only by means 
of an artificial palate in which is embedded a number of 
electrodes, that the temporal and spatial ordering of the 
points of contact between tongue and palate can be accurately 
recorded. There has been an interest in recording these 
contacts for a long time, but it is only in recent years that 
successful techniques have been developed to give displays of 
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tongue palate contact as a function of time. Hardcastle 
(1968) states that "Most of these systems1 use some sort of 
artificial palate incorporating numbers of sensing elements, 
which are activated when touched by the tongue. " [p. 53]. 
Apart from its obvious use in experimental phonetic 
research, there are a number of practical applications of 
electropalatography, such as in teaching foreign languages 
and in helping deaf children acquire speech. This technique, 
however, has its own limitations as well. For example, 
there is a possibility that the artificial palate may inter- 
fere with normal articulatory patterns, although the inter- 
ference from such a foreign body with articulation can be 
minimized by making the artificial palate thin enough. 
Moreover, electropalatography is only suitable for investiga- 
ting articulations involving lingual contact with the palate 
and close or half-close front vowels. It gives no informa- 
tion as to articulations where no tongue-hard palate contact 
is made, such as those sounds involving contact in the velar 
region and further back, and some open vowels. There also 
exists the possibility of the danger of forgetting that when 
no contact shows, there is no significant tongue-palate 
contact at all. Besides, the technique suffers from the 
difficulty of designing a 'universal' artificial palate 
basically because of the wide differences in palate shapes 
1. The various different systems of electropalatography 
have been fully described by Hardcastle (1970,1971,1972). 
For more recent works dealing with the use of this technique 
in linguistic research, see articles printed in 'Work in 
Progress' vol. 1 (1977), vol. 2 (1978) and vol. 3 (1981), 
issued by the Department of Linguistic Science, University 
of Reading. Also see articles printed in the Annual Bulletin, 
Research Institute of Logopedics and Phoniatrics, Faculty 
of Medicine, University of Tokyo, No. 6 (1971), No. 12 (1978) 
and No. 17 (1983). 
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and sizes among individuals. It is hoped that this 
difficulty will be overcome by the possibility of making 
a universal palate consisting of strips of malleable material 
which could be stuck onto the subject's palate with dental 
adhesive. (Hardcastle, 1972, p. 211). 
This brief introduction to the technique of palato- 
graphy leads us to our present experiment which was designed 
to stand by itself to give further support to our preceding 
as well as to our succeeding experiments. It was limited 
in scope; the direct method of palatography and electropalato- 
graphy (EPG) as a pilot attempt were employed. With the aid 
of these techniques, we aimed to test our primary hypothesis 
to see whether or not the contact between tongue and palate 
is firmer and greater in area for word-initial and word-medial 
geminate consonants than for their non-geminate partners in 
I. C. Arabic. 
5.2 Experiment No. 1 (Direct Palatography) 
5.2.1 Experimental Procedure 
5.2.1.1 Selection of Stimuli 
The test items of this experiment were not the same 
as those studied in our other experiments. A new list was 
prepared and the new stimuli were carefully chosen to ensure 
that only one segment in each word was capable of producing 
a wipe-off from the marking substance with which the palate 
was covered before the tongue-palate contact was executed. 
The chosen words represent two oppositions of different 
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contoid types where contrasts between single Es] and Ed] 
and their geminate cognates Ess] and Edd] were involved 
in word-initial and word-medial positions. 
The new list comprised 16 words arranged in minimal 
pairs. All words were bisyllabic bearing a primary stress 
on the first syllable. The second syllable was either of 
the pattern (-CV) or of the pattern (-CVC), where the V- 
element was either Ci], [a] or Cut. The following is the 
complete list of the words under investigation: 
Words with single 
consonants 
/Eada/ 
Aasa/ 
/daaFi/ 
/saaU/ 
/hasab/ 
/hadaf/ 
/suhub/ 
/digan/ 
5.2.1.2 Subjects 
Meanin Words with geminate Meanin g consonants g 
except //adds/ he counted; 
he let pass 
let's hope Aassa/ he inserted 
requisite; /ddaaUi/ the requisite; 
claimant the claimant 
messenger /ssaaýi/ the messenger 
noble birth /hassab/ he reckoned 
aim /haddaf/ he aimed (at sth) 
clouds /ssuhub/ the clouds 
buttons; /ddiga i/ the buttons ; 
switches the switches 
The author of the present study was his own subject 
in this experiment and, therefore, the palatograms obtained 
represent photographic records of his own palate. He has 
essentially normal oral and dental structures as well as 
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normal speech and hearing. 
5.2.1.3 Instrumental Set-up and Method 
For the purpose of obtaining palatograms for the 
words under investigation, the experimenter's palate was 
first thoroughly sprayed with a mixture of powdered char- 
coal and drinking chocolate. The mixture was composed of 
2/3 charcoal and 1/3 chocolate. Each word was then uttered 
five times in succession, and as similarly as possible on 
all five occasions, to ensure a satisfactory amount of wipe- 
off for the photograph. While being pronounced, the speech 
was simultaneously recorded on high quality tape (type Ampex 
1200) so that the recording might be played back when examin- 
ing the resulting palatograms at a later stage. The tape- 
recorder used (type Ferrograph Logic 7) was placed on a 
table in front of the experimenter. 
After producing each of the investigated words, and 
without swallowing or moving the tongue, the experimenter 
placed his wide-open mouth over a plane mirror that stood 
opposite to a 35-mm camera (type Exakta, model VX1000). The 
palatal reflected pictures were then graphically recorded 
by means of the camera which was fitted with a standard Carl 
Zeiss-Tessar lens. The lens was, in turn, attached to a 
convertor for close-up photography and extra magnification 
of image. The camera was supplied with a black-and-white 
film (type Ilford, FP4,125ASA). The aperture was set at 
f/11 and the shutter-speed at 1/60 sec. Care was taken to 
1. See section 3.2.2 for further information about his linguistic background. 
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ensure that the experimenter did not exhale and fog the 
mirror which could distort or blur the palatal image 
reflected on the mirror. Therefore, the mirror was repeat- 
edly cleaned with a soft piece of cotton cloth. 
In order to have sufficient source of illumination 
a flash-unit (type Vivitar 45) was positioned at a suitable 
distance opposite to the experimenter's mouth. The flash- 
unit was linked to the camera via a synchronization cord 
for off-camera flash. For each investigated word, two 
photographic frames (i. e. exposures) were taken so that in 
the event of the failure of one frame the other should be 
used. After each item was graphically recorded, the experi- 
meter rinsed out his mouth thoroughly, thus leaving both 
tongue and palate free of the mixture powder. Diagram 5.1 
illustrates the instrumentation employed in this experiment. 
5.3 Segmentation Criteria of Palatograms 
The obtained palatograms were carefully inspected. 
They were divided into zones similar to those suggested by 
Firth (1948). Firth presented articulatory terms as a 
first attempt at zoning the palate on the basis of the 
dentition plan. To these zones he also added a natural 
median line, and right and left lines parallel to the median 
starting from the interstices between the front and lateral 
incisors. According to him a perfect palate may look like 
the one illustrated in Fig. 5.2. The reference lines and 
the zones shown in this figure may perhaps ensure an adequate 
representation of the significant features of the palatograms. 
Each zone is forward of the line opposite which it is entered 
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Incisor Line 
Lateral 
Incisor Line- -- 
Canine Line --- 
1st Molar Line 
2nd Molar Line -- 
3rd Molar Line -- - 
4th molar Line -- 
Frontal Incisor 
-- Lateral Incisor 
.. Canine 
-- 1st Pre-Molar 
-- 2nd Pre-Molar 
- 1st Molar 
2nd Molar 
Right Left 
Fig. (5.2) Schematic diagram showing the palatal zones and lines as 
suggested by Firth (1948). 
The horizontal lines The zones The grouped zones 
1 Incisor line Dental 
Dental 
2 Lateral incisor line Denti-alveolar 
3 Canine line Alveolar 
Alveolar 
4 First molar line Post-alveolar 
5 Second molar line Pre-palatal 
6 Third molar line Mid-palatal Palatal 
7 Fourth molar line Post-palatal 
The vertical lines The vertical zones 
The median line Right and left zones : to speaker's right and 
left of the median line 
The right line Right alveolar zone : to the right of the right 
line 
The left line Left alveolar zone : to the left of the left 
line 
Table (5.1) The terminology used by Firth (1948) to describe the 
various palatal lines and zones. 
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in table 5.1. The two words 'right' and 'left' refer to 
the speaker wearing the artificial palate. 
The following palatal zones were considered approp- 
riate for our present experiment: 
1) dental 2) denti-alveolar 3) alveolar 
4) post-alveolar 5) pre-palatal 6) palatal 
7) post-palatal. 
Another eighth zone can be added to the above seven zones. 
This zone may be termed `velar'. By definition the velar 
zone is taken to represent a fifth molar line added to those 
horizontal lines described by Firth (op. cit. ). Since the 
velar zone was not quite obvious in most of our palatograms, 
therefore, it was not included in our classification of the 
palatal zones. 
5.4 Analysis of Palatograms 
5.4.1 Palatograms illustrating articulations of word-medial 
consonants 
Palatograms 1-4 represent the words /ýasa/, /ýassa/, 
/hasab/ and /hassab/, respectively. They show the articula- 
tions of single and geminate fricative consonants occurring 
word-medially. In all four palatograms it is obvious that 
the marking medium is removed from zones 3 and 4, i. e. in 
the alveolar and post-alveolar regions, as well as along the 
sides in-all zones. In palatograms 2 and 4 there is a clearer 
and more marked wipe-off than that in palatograms 1 and 3. 
This suggests that the tip or blade of the tongue touches 
the alveolar and post-alveolar regions more firmly during 
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the articulation of the geminate Css] than during the 
articulation of the non-geminate [s] in word-medial position. 
It is noticeable in palatograms 1 and 3 that there are more 
traces of the marking medium in the wipe-off area suggesting 
that the contact of the tongue in the area of contact was 
not quite firm. The non-wiped off area in zones 3 and 4, 
shown in these four palatograms, exemplifies clearly the 
phonetic nature of sibilant fricatives. It indicates the 
region where the tip or blade of the tongue does not come 
in firm contact with the palate so as to form a narrow 
passage along the tongue midline through which the air 
escapes, thus producing the turbulance noise. Phonetically, 
for producing sibilant consonants, such as [s] and Ess], 
a groove is often formed along the tongue midline to channel 
the airstream. This is accomplished by touching the sides 
of the tongue to the side teeth. 
1 
Palatograms 5-8 illustrate the articulations of 
single and geminate plosive consonants. They are of the 
words /Eada/, /Eadda/, /hadaf/ and /haddaf/, respectively. 
In these palatograms we find that the marking medium is 
clearly removed from the same zones as those of palatograms 
1-4, i. e. the alveolar and the post-alveolar regions as 
well as all zones at the sides. But, whereas the wipe-off 
is mainly observable in the alveolar and post-alveolar 
regions for the fricatives, it greatly concentrates in the 
alveolar region for the plosives. There is a noticeable 
difference between the amount of wipe-off in palatograms 6 
1. Cf. Borden and Harris, 1980, p. 121. 
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and 8 and that in palatograms 5 and 7. It is clearer and 
sharper in the former two than that in the latter ones. 
This, again, suggests that the tongue tip or blade touches 
the alveolar and post-alveolar regions more firmly when 
producing the geminate plosive Cdd] than when producing its 
single counterpart Ed] in word-medial position. Unlike 
palatograms 1-4, the non-wiped off area existing in zones 
3 and 4 is missing in palatograms 5-8. This is due to the 
phonetic nature characterizing the production of alveolar 
and denti-alveolar plosive consonants in general. The wipe- 
off observable in zones 3 and 4 of palatograms 5-8 is brought 
about by a complete and firm contact between the tongue tip 
or blade and the alveolar ridge. These palatograms also 
show that the amount of wipe-off around the rim of the teeth, 
especially between zones 4-6, is apparently greater with the 
geminates than that with the non-geminates. This fact 
suggests that Cdd] is accompanied by a firmer tongue-palate 
contact than Ed], not only in the alveolar and/or denti- 
alveolar zones but also in some other palatal zones, i. e. 
in the pre-palatal and palatal regions. 
5.4.2 Palatograms illustrating articulations of word-initial 
consonants 
The same phonetic contrasts examined in palatograms 
1-8 are now studied in word-initial positions. Palatograms 
9-12 are of the words /saaUi/, /ssaaýi/, /suhub/ and /ssuhub/, 
respectively. In these palatograms, there is, again, a 
considerable difference between the removal of the marking 
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medium observable in palatograms 10 and 12, and that in 
palatograms 9 and 11. The wipe-off is clearer and sharper 
in palatograms 10 and 12 than that in the other two palato- 
grams indicating a firmer contact of the articulatory 
organs, namely the tongue and the palate, during the 
articulation of the geminate Css] than during the articula- 
tion of the non-geminate [s] pronounced word-initially. The 
non-wiped off area seen in zones 3 and 4 of palatograms 1-4, 
which characterizes the distinctive nature of the production 
of alveolar fricatives, can also be observed in these 
palatograms. Furthermore, there is a clearer and more 
extensive removal of the marking medium from zones 5-7 
during the articulation of the geminates than during the 
articulation of the non-geminates. Palatograms 9 and 10 
show a considerable wipe-off between zones 6 and 7. These 
are probably the zones where the articulating organs come 
into contact during the enunciation of vowel Ci] occurring 
word-finally in /saaUi/ and /ssaaUi/. 
Palatograms 13-16 illustrate the articulation of 
single and geminate plosive consonants in the words /daaUi/, 
/ddaaEi/, /digam/ and /ddigam/, respectively. These palato- 
grams show the least difference of wipe-off resulting from 
the articulation of geminate consonants and that resulting 
from the articulation of their single partners. Nevertheless, 
a slightly clearer and more extensive removal of the marking 
medium is noticeable in zones 3 and 4 of palatograms 14 and 
16, suggesting a firmer tongue-palate contact during the 
articulation of the geminate Cddl than during the articulation 
of its single cognate [d] pronounced word-initially. 
il 
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Similar to that of palatograms 9 and 10, the consid- 
erably greater removal of the marking medium observable in 
zones 6 and 7 of palatograms 13 and 14 is almost certainly 
caused by the production of vowel Ei] occurring word-finally 
in /daaUi/ and /ddaaUi/. In palatograms 15 and 16, on the 
other hand, it probably takes place as a consequence of 
producing [g] used inter-vocalically both in /digam/ and in 
/ddigam/. 
5.4.3 General 
The idea of the zones, as described by Firth (op. cit. ) 
was suggested primarily to introduce precision and quantita- 
tiveness to palatographic measurements for the sake of 
inferring the degree of contact between the articulating 
organs. Therefore, an attempt was made to measure the areas 
from which the marking medium had been removed. This was 
accomplished by applying a transparent overlay on each of 
the sixteen palatograms. The transparent overlay was a 
xeroxed copy of a graph paper with small squares. Each 
square was 2.5 mm in size. 
Since our present experiment was mainly concerned 
with investigating the degree of contact between tongue and 
palate while producing single and geminate consonants formed 
at the alveolar and/or denti-alveolar regions, our actual 
measurements were made only between zones 2-4, shown on 
each palatogram. The number of squares was counted at places 
where the marking medium was missing. The measurements 
obtained are shown in table 5.2 below. 
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Table (5.2) 
Tokens words with 
single consonants 
Number 
of squares 
words with 
geminate consonants 
ntunber 
of squares 
1 //asa/ 48 Aassa/ 56 
2 /}iasab/ 55 /hassab/ 64 
3 /dada/ 47 Aadda/ 79 
4 /hadaf/ 73 /haddaf/ 86 
5 /saaUi/ 54 /ssaaUi/ 61 
6 /suhub/ 52 /ssu1ub/ 65 
7 /daaUi/ 77 /ddaaýi/ 82 
8 /digaan/ . 79.. 
/ddigam/ 81 
Meal 61 an 72 
S. D. 13.4 S. D. 11.4 
T 3.413 
p 0.0112 
The above measurements show very clearly that words 
with geminate consonants have more squares of wipe-off than 
those with single consonants. This denotes that geminate 
consonants are characterized by having a more extensive wipe- 
off than their single partners, thus suggesting firmer 
tongue-palate contact during the enunciation of the geminates 
than that during the enunciation of the non-geminates. These 
measurements were subjected to the statistical treatment of 
a two-tailed t-test for related samples, i. e. for matched- 
subjects design, 1 so as to find whether the number of squares 
1. For further details about the t-test, see section 6.11. 
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associated with geminate consonants is significanly 
different from that associated with single consonants. 
The results shown in table 5.2 indicate quite obviously 
that the difference is statistically significant, where p 
value is at 0.0112. 
5.5 Experiment No. 2 (Electropalatography) 
Experiment No. 1 was updated by employing electro- 
palatography (EPG) in this experiment. Since the EPG has 
been quite recently introduced into the Phonetics Laboratory, 
the computer program used for data processing and for 
producing graphic printouts is still in preparation. It 
will probably take some more time to be in its final form. 
Once this program is completed, the EPG will then be ready 
for full exploitation in sophisticated phonetic research. 
The present investigation was only a pilot experiment 
which aimed at confirming the direct palatography findings. 
It also aimed at discovering the manoeuvres of the articula- 
ting organs during the production of single/geminate 
consonants in I. C. Arabic. 
5.5.1 Experimental Procedure 
5.5.1.1 Selection of Stimuli 
Only two minimal pairs were used in this experiment. 
They were selected from those studied in Experiment No. 1. 
The two pairs are: /Easa/ versus /Eassa/, and /Eada/ versus 
/Eadda/. The examined segments represent two oppositions 
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of different contoid types where contrasts between word- 
medial single fricative or plosive and their geminate 
cognates were involved. (See section 5.2.1.1 for details). 
All test items were uttered in isolation at normal speed. 
5.5.1.2 Subjects 
The experimenter was his own subject in this experi- 
ment also. 
5.5.1.3 Instrumental Set-up and Method 
A 63-contact artificial palate was made to fit the 
roof of the subject's mouth. This palate can be connected 
to the EPG via two separate lead-out wires. The EPG (model 
DP-01) is a relatively small portable device manufactured 
by Rion Company Ltd., Tokyo, Japan. It is operatable by 
means of four D-size batteries. A small screen and the 
functional switches and buttons are all located on the front 
side of the device. The screen contains 63 small red bulbs 
representing 63 electrodes embedded in the artificial palate. 
The arrangement of electrodes on the subject's artificial 
palate is shown in Fig. 5.3. An additional, and relatively 
larger, electrode is adjusted on the outside domed surface 
of the artificial palate to make a neutral contact with the 
roof of the mouth. Below the screen are the 'on-off' switch 
as well as the 'memory', the 'stop' and the 'single step' 
buttons. 
The tongue-palate contact can be clearly seen on the 
screen once the subject inserts the artificial palate into 
-291- 
Fig. (5.3) The 63-contact artificial palate used in the 
EPG experiment shown here fitted to aplaster 
impression of the subject's palate and teeth. 
Lead-out 
wires 
Dental region 
Velar region 
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his mouth, provided that the machine is switched on. When- 
ever the tongue touches the palate, some of the small red 
bulbs will light up indicating contact between the tongue 
and the palate. All bulbs will light up when there is 
total contact between the two articulating organs. 
The results of this experiment were obtained by 
first uttering the test items separately. Once the test 
item was produced, a visual display was shown on the small 
screen indicating contact. By pressing the 'memory' button 
immediately after uttering the test item, the original 
display would be stored in the memory of the machine. The 
red bulbs would continue displaying the tongue-palate 
contacts of the uttered test item until the 'stop' button 
was pressed. This would freeze the continuous lighting up 
of the red bulbs to indicate one single display (or frame). - 
For careful inspection, the subject could retrieve the over- 
all tongue-palate contacts made during the production of 
the test item simply by pressing the 'single step' button. 
Each time the subject pressed this button he would get one 
single frame at a time on the screen. When the frames came 
to an end, a small red bulb at the top right-hand corner of 
the screen would light up. 
The subject had a selection of three different buttons 
from which he could choose the appropriate time he would 
like for examining successive displays. He could either 
press the first button for normal time display, or he could 
press the second or third buttons for three times slower or 
ten times slower than normal time display, respectively. 
-293- 
Each successive display represented an interval of sixty 
fourth of the second, i. e. 15.6 ursec. In this experiment, 
the normal time for displaying the frames was used. All 
graphic displays representing lingual-palatal contacts were 
drawn by the experimenter. Solid circles indicate contact; 
empty ones indicate no contact. 
5.6 Analysis of Results 
Figs. 5.4-5.7 show various EPG displays illustrating 
variations in the tongue-palate contact between a single 
consonant and a geminate counterpart. It is evident from 
these displays that the geminate consonants are characterized 
by a considerably greater number of area contacts than the 
non-geminate consonants. Figs. 5.4 and 5.6 show fairly 
typical patterns for [s] and [d]; whereas Figs. 5.5 and 5.7 
show the expected patterns for Ess] and Cdd] respectively. 
Further examination of these figures also shows a 
different build-up in the contacts when the singles are 
compared with the geminates. For instance, the maximum 
number of contacts achieved during the occlusion phase of a 
geminate plosive is considerably greater than that achieved 
during the occlusion phase of a single partner. Fig. 5.7 
shows very clearly that there is total contact between the 
articulating organs during the production of a geminate 
plosive. Whereas the maximal area contact for a geminate 
consonant lasts for a noticeably greater number of frames, 
it only lasts for a relatively smaller number of frames for 
a single cognate. This strongly suggests that a geminate 
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consonant is significantly longer than a non-geminate one, 
as is clearly shown in Figs. 5.8 and 5.9. 
The results of this pilot experiment are highly 
consistent with those of the direct palatography in that a 
geminate consonant is accompanied by firmer lingual-palatal 
contact than a single counterpart. They are also consistent 
with our previous experiments in that geminate consonants 
are considerably longer than their single partners. The very 
extensive contact indicated by the EPG is unexpectedly 
different from the direct palatography pictures. 
1 
5.7 Discussion 
The findings of these experiments lend support to 
the view that during the articulations of fricative and 
plosive consonants pronounced either in word-initial or in 
word-medial positions, the tongue touches the area of contact 
more firmly during the articulation of the geminate consonants 
than during the articulation of their single counterparts. 
These results seem to be in complete agreement with previous 
findings reported by other investigators. 
Thananjayarajasingham (1976), for example, found that 
the results of his palatographic study indicated that during 
the articulation of 'double' nasals and laterals in Ceylon 
Tamil, there was a firmer tongue-palate contact that during 
the articulation of single nasals and laterals. The firmer 
contact between the tongue and palate resulted in a clearer 
and more extenisve wipe-off for the 'doubles' than for the 
singles. The doubling, i. e. the lengthening, of intervocalic 
lateral and nasal consonants is said to be 'distinctive' in 
Tamil. Thananjayarajasingham's findings have been recently 
1. This could be due to a faulty threshold setting causing 
salival bridging. 
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confirmed by Balasubramanian (1982) whose palatographic 
and kymographic investigation of the doubling of inter- 
vocalic nasal and lateral consonants in Indian Tamil showed 
that there was a clearer and more extensive removal of the 
marking medium when producing 'double' nasals and laterals 
than when producing their single cognates. This indicates 
that the articulating organs, viz. the tongue and the palate, 
make a firmer contact with each other during the articulation 
of the 'double' consonants than during the articulation of 
their single partners. 
In addition, McGlone and Proffit (1972) conducted 
a dynamic palatographic investigation in which they employed 
"a system using strain gage pressure transducers as sensing 
elements. " [p. 375]. Using this system, the two researchers 
tried to show 'mechanical pressure', i. e. the force of how 
the tongue pushes against the roof of the mouth during speech 
production. Their results showed that greater pressure was 
found for syllables containing [t] than those containing [d], 
and that the former syllables produced longer tongue-palate 
contact than the latter ones. 
Our present findings can be interpreted by following 
the same lines suggested by McGlone and Proffit (ibid. ). 
Articulatorily speaking, our data showed that there was some 
evidence indicating that there was a longer contact (i. e. 
occlusion) for the geminates than for the non-geminates. It 
is quite likely that a longer duration of contact for the 
geminates [ss] and Cdd] will be associated with greater 
mechanical pressure and larger area of contact. That is, the 
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clearer and greater wipe-off associated with the geminate 
consonants, in comparison with that of their single counter- 
parts, was possibly a natural outcome of a greater pressure 
exerted by the tongue against the palate during the produc- 
tion of the geminates than during the production of the non- 
geminates. At the same time, our results seem to be consis- 
tent with the longer occlusion of geminate consonants 
reported in our acoustic experiment of Chapter Three. 
Earlier in this study, it was shown that geminates 
are, acoustically, considerably longer than their single 
cognates whether they. occur in word-initial or word-medial 
positions. The perceptual salience of differences in 
duration between single and geminate consonants was also 
demonstrated in our experiments using synthetic speech. 
The results of these experiments give further support to 
our previous findings. A geminate consonant has been found 
to be produced with a noticeably clearer and more extensive 
wipe-off which indicates a firmer contact between the 
articulating organs; whereas the single consonants are 
characterized by a less clear wipe-off. Accordingly, one 
may conclude that the clearer and the more extensive the 
wipe-off is, the firmer the contact between the articulating 
organs. 
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Fig. (5.4) Diagrams showing EPG patterns for the single 
fricative [s] in the environment of /&asa/. 
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Fig. (5.4) cont'd 
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Fig. (5.4) cont'd 
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Fig. (5.4) cont'd 
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Fig. (5.5) Diagrams showing EPG patterns for the geminate 
fricative Css] in the environment of Aassa/. 
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Fig. (5.6) Diagrams showing EPG patterns 
for the single 
plosive Cd] in the environment of 
/dada/. 
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Fig. (5.7) Diagrams showing EPG patterns for the geminate 
plosive Cdd] in the environment of Aadda/. 
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Fig. (5.8) Superimposed graph showing the number of 
contacts as- a function of time (i. e. sample 
number) for word-medial Ls and Cssl in the 
environments of /; asa/ and /ýassa/, 
respectively. --- -+ _ 
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} Fig. -(5.31 Superimposed graph showing the number of contacts 
as a function of time (i. e. sample number) for 
- --iI word-medial Cd] and Ad] in the environments of 
Aada/ and /ýadda/; respectively . 
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CHAPTER SIX 
ARTICULATORY AND AERODYNAMIC STUDY OF GEMINATE 
CONSONANTS IN I. C. ARABIC 
6.1 Pilot Experiment 
6.1.1 Introduction and Aims 
The aerodynamic stage is of extreme importance in 
the process of speech production. It is the link between 
the articulatory stage and the acoustic stage of speech 
production. It is the stage at which speech sounds are 
generated. Phoneticians (e. g. Laver, 1968; Catford, 1977) 
have always emphasized the fact that the basic function of 
the organic postures and movements in speech is only to 
create the necessary aerodynamic conditions for sound- 
generation. This is because the generation of speech is in 
all cases an aerodynamic process. 
In this chapter we consider articulatory and aero- 
dynamic aspects of single and geminate consonants in I. C. 
Arabic. Our perception experiments have demonstrated that 
durational differences play an important role in distinguish- 
ing between different classes of I. C. Arabic consonants. 
This is why we felt at this stage that doing further experi- 
ments indicating articulatory and aerodynamic conditions of 
speech production would be of vital significance to learn 
about how individual speakers achieve acoustic patterns. We 
can then ask whether there is more invariance of articulation 
-329- 
than acoustics and whether there are different options. 
These experiments may confirm the fact that temporal'differ- 
ences found in our acoustic experiment and in our experiments 
of synthetic speech correspond to articulatory and aerodynamic 
differences between single and geminate consonantal segments 
in I. C. Arabic. 
The aim was to compare the articulatory and aero- 
dynamic findings obtained in the present experiment with the 
acoustic findings reported in Chapter Three of this study. 
To assist this comparison, it was important to find out 
whether the acoustic differences in duration stated in that 
experiment show trends consistent with those found in this 
experiment. Mingograph traces of the recorded data were 
produced. This may also help us to find out whether durational 
differences are affected by the type of the recordings made. 
That is to say, whether recordings made in the echo-proof 
recording studio and those made in the laboratory with a 
mask on face and a tube inserted through the nose down into 
the pharynx would yield different results. 
One of the principal objectives of research in speech 
is to understand the mechanism underlying the control of the 
speech-generating system. It is clear that consonant sounds 
depend greatly on the interaction of articulator movements 
and airflow patterns. Several types of experimental techniques 
have been constructed to examine the nature of this process. 
The acoustic aspects of consonants have been largely 
investigated through spectrographic procedures. Other techniques 
such as palatography, cineradiography and electromyography 
-330- 
have been exploited to study the articulatory movements 
necessary for consonant formation, see section 5.2. 
In our next section we shall refer to some previous 
studies that have primarily dealt with the domain of the 
aerodynamics of speech production. We shall discuss their 
main interpretations inasmuch as consonants are concerned. 
6.2 Articulatory and Aerodynamic Studies: - A Critical 
Review 
It is a well-known principle that air flows from a 
region of higher pressure to another of lower pressure. 
Investigators of speech production (e. g. Lubker, 1969; Scully, 
1969; Warren, 1976) believe that for normal phonation 
occurrence during the expiratory phase used during speech, 
pulmonic pressure must be greater than atmospheric pressure. 
They suggest that alterations in the configuration and size 
of the air-passage immensely affect airflow, particularly 
when the respiratory tract is used for articulation. Warren 
(1976), for instance, pointed out that "one of the main 
differences between the airflow patterns in breathing and 
those in speech results from an orifice type of airflow 
which develops as constrictions form within the vocal tract 
during phonation. " Cp. lOB]. This type of airflow, he added, 
may exist at the glottis, the velopharyngeal orifice, and 
at various points along the oral air-passage. 
The voice sound is generated by making airflow pass 
through the glottis when the vocal folds are suitably adducted. 
The vibratory movement of the vocal folds is, to some extent, 
-331- 
the outcome of aerodynamic and muscular forces which inter- 
act in an intricate way. Warren (op. cit. ) remarks that the 
aerodynamic forces which are exerted on the vocal folds 
include "subglottal air pressure, the Bernoulli force 
produced by negative pressure created transglottally by high- 
velocity airflow, and supraglottal pressure produced by 
articulatory constructions in the upper airway. " Cp. 1191. 
This may give rise to the fact that in the case of velocity 
increase, pressure must consequently decrease, and that 
pressure at the glottal constriction may fall below atmos- 
pheric as the vocal folds adduct. Hence, van den Berg et al. 
(1957) commented that glottal tissue resistance increases 
as the area of constriction decreases, thus allowing the 
Bernoulli force to increase only up to a certain point. 
They stated that "the Bernoulli effect of the air escaping 
through the narrow glottis is also very important. By 
accounting for this effect, which causes a negative pressure 
in the glottis, it has been possible to explain the onset 
of the vibration of the vocal folds at a breathy attack. The 
vibrations then start with an inward movement of the vocal 
folds, caused by the sucking Bernoulli effect. " Cp. 626]. 
1 
In discussing the effect of the 'myoelastic-aero- 
dynamic' theory of speech production, van den Berg (1958) 
pointed out that the functioning of the 'glottis-generator' 
was to be realized solely on the basis of this theory. He 
stated that the fundamental frequency of this type of generator 
1. For further details see van den Berg et al. (1957), p. 631 
under "Negative Pressure in the Glottis by the Bernoulli Effect". 
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was equal to the vibrations of the vocal folds, and claimed 
that this frequency depended on several factors which could 
help in calculating the frequency. The factors suggested 
are: "(1) the effective mass of the vibrating part of the 
vocal folds; (2) the effective tension in the vibrating part 
of the vocal folds; (3) the effective area of the glottis 
during the cycle, which determines the effective resistance 
of the glottis and the effective value of the Bernoulli 
effect in the glottis; (4) the effective value of the sub- 
glottic pressure; (5) the damping of the vocal folds. " [p. 239]. 
He concluded that the closure of the glottis is brought 
about by three basic factors; the decrease of the subglottic 
pressure due to the escape of subglottic air, the tension 
of the vocal folds which causes the glottal closure, and the 
sucking effect of the escaping air. 
Earlier, van den Berg (1956) proposed that a know- 
ledge of the subglottic pressure would be of great importance 
because the energy required for phonation and produced via 
the respiratory muscles is proportional to the product of 
the mean subglottic pressure and the mean airflow, "at least 
in a first approximation. " [p. 1]. Elsewhere, van den Berg 
et al. (1957) added that a knowledge of the air resistance 
of the larynx as a function of the subglottic pressure, the 
dimensions of the glottis and the pressure in the laryngeal 
ventricle would also be of value so as to estimate the human 
glottis generator properties. They succeeded in measuring 
this resistance "under conditions of constant flow'by means 
of a model of the larynx, prepared from a cast made from a 
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normal fresh human larynx. " [p. 626]. They also measured 
the sucking Bernoulli effect with the model of the larynx 
they designed. They defined the resistance (R) of the 
model using the following formula: 
subglottic pressure (Ps) 5 R= 
volume velocity (V) 
dyne sec/cm . 
where (R) is composed of three elements, thus: 
R=R1+ R2 + R3 
Rl = (Ps-P/V is the resistance at the entry of 
the glottis, 
R2 = (p1-p4)/V is the resistance in the glottis, and 
R3 = P4/V is the resistance at the outlet of 
the glottis. 
Van den Berg et al. (op. cit. ) propounded the view 
that turbulence is not restricted to the glottis; this is 
due to the fact that 'eddies' are generated before the air 
is forced into the glottis. Their measurements indicated 
that "the critical volume velocity for this formation was 
smaller at the entry of the glottis than in the glottis. " 
[p. 627]. This results in a larger resistance at the entry of 
the glottis (R1); while enlargement of the resistance in the 
glottis (R2) is accomplished when 'eddies' are generated 
at the entry of the glottis where they are carried by the 
flow into the glottis. They also pointed out that there is 
an increase in the resistance at the outlet of the glottis 
(R3) when 'eddies' are generated at the outlet of the glottis. 
This, they contended, is due to the partial waste of the 
kinetic energy of the air "by the formation of eddies in the 
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laryngeal ventricle. " Cp. 6281. 
Recently, Titze (1980) has quantified and tested 
with mathematical models the myoelastic-aerodynamic theory 
of voicing. He claimed that the models suggested that vocal 
fold oscillation is produced as a result of asymmetric forc- 
ing functions over closing and opening portions of the glottal 
cycle. The ranges of oscillation increased among various 
models as more freedom in the simulated tissue movement was 
incorporated. For him the vertical motions of-the vocal folds 
tissues were of particular significance in initiating and 
maintaining oscillation. This is because these motions 
"facilitate coupling of aerodynamic energy into the tissues 
and allow tissue deformations under conditions of incompress- 
ibility. " [p. 4951. He regarded the control of fundamental 
frequency of oscillation (FO) as basically myoelastic, partly 
because of deliberate or reflex adjustments of laryngeal 
muscles, and partly because of nonlinear tissue strain over 
the vibrational cycle. He added that "This places limits 
on the control of FO by subglottal pressure, and forces such 
control to be inseparably connected with vibrational amplitude, 
or less directly, with vocal intensity. " [loc. cit. ]. 
Rothenberg (1968) stated that resistance at the vocal 
folds varies from less than 1.0 cm H2O/L/sec during quiet 
breathing to as much as 100 cm H2O/L/sec during voicing. For 
example, the difference between subglottal and supraglottal 
pressures during vowel articulation is approximately between 
4.0 to 8.0 cm H20, and between 1.0 to 4.0 cm H2O during 
voiced consonant articulation. He added that during phonation, 
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the oral air-passage produces resistance of less than 1.0 
cm H2O/L/sec for certain vowels to an infinite resistance 
or complete obstruction for plosives. According to Warren 
(1976) the larger differences between subglottal and supra- 
glottal pressures during vowel production are due to a 
lower resistance in the upper air-passage. This is because, 
for vowels, the pressure above the glottis is only slightly 
above atmospheric pressure, so that most of the subglottal 
pressure creates the pressure drop across the glottis. He 
also stated that voicing entails the passing of airflow 
across the vocal folds where a differential pressure between 
the subglottal and supraglottal cavities must occur. These 
conditions do not always obtain in the case of the production 
of plosive consonants. Kent and Moll (1969), on the other 
hand, demonstrated that voiced plosives are produced with 
larger supraglottal volumes than their voiceless counterparts. 
They argued that the increase in supraglottal volume is at 
least a partial explanation for intraoral pressure differences 
among cognates. 
It is worth mentioning here that Chomsky and Halle 
(1968) restricted the 'tense-lax' feature entirely to supra- 
glottal articulations, and did not consider it to be associated 
with tensing of the vocal folds in any way. They claimed 
that in the case of voiced plosives the walls of the pharynx 
are necessarily lax, and that it is this laxing which causes 
the enlargement of the vocal tract which is required during 
the production of voiced plosives. The enlargement of the 
pharynx during voiced plosives is a well-known phenomenon. 
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One investigator states that "this enlargement is not due 
to the increase in oral pressure resulting in the lax walls 
of the pharynx being pushed back; nor is it generally held 
that in voiceless stops there is no such enlargement because 
the tense walls of the pharynx actively resist it. " (Ladefoged, 
1971, p. 96). 
The conclusions reached by Chomsky and Halle (op. cit. ) 
were based on data reported by Perkell (1965,1967). The in- 
direct observations stated by Lisker and Abramson (1967) and 
the cineradiographic studies performed by Kent and Moll (op. cit. ) 
have shown opposite conclusions to those of Chomsky and Halle. 
They stated that the enlargement of the vocal tract during 
voiced stops is an active-muscular process, and there is no 
increase in the tension of the pharyngeal muscles during 
voiceless stops. (Ladefoged, ibid., p. 97). 
In a study by Slis (1970) it has been shown that if 
the intraoral pressure rises, the pressure drop over the 
glottis, i. e. subglottal pressure minus intraoral pressure, 
will decrease. Consequently, this results in 'a decrease of 
the air-stream through the glottis. Slis remarked that this 
decrease of the air-stream would take place rather quickly 
with voiceless consonants in which the stream of air would 
soon be too small to maintain the vibrations of the vocal 
folds. With voiced consonants the pressure drop would remain 
'sufficiently high' to keep the vocal folds in vibration. 
He showed that the air pressure in the mouth-throat cavity 
rises quickly owing to the volume decrease and low glottal 
resistance, i. e. when the glottis is open. 
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Following his previous studies and that of van den 
Berg (1956), Slis (op. cit. ) obtained his direct measurements 
of the intraoral pressure by means of an open rubber tube 
which was pushed down the nose into the pharynx. The tube 
was connected with a pressure transducer outside his subject. 
He measured the subglottal pressure indirectly via a small 
rubber balloon which was introduced into the subject's 
oesophagus. Through the nose, the balloon was connected 
with a pressure transducer outside the subject by means of 
a rubber tube. His results illustrated that "peak values 
of the subglottal pressure seem to be independent of the 
consonants except for /h/ during which a pressure drop could 
be observed. " Ep. 200). The intraoral pressure, both in 
normal speech and in shouting, was shown to be considerably 
higher during voiceless consonants than during voiced ones; 
while in whispered speech these differences were rare. Slis 
noticed that in normal speech the intraoral pressure 
indicated a sudden rise followed by a more gradual rise. 
He believed that the two rises were presumably due to the 
closing of the mouth and to the 'inflation' of the pharynx, 
respectively. 
Depending on his final results, Slis (op. cit. ) 
reached the conclusion that "differences in intraoral 
pressure do not have their origin in differences in subglottal 
pressure; on the contrary, during shouting we even observed 
a tendency to a higher subglottal pressure in voiced 
consonants than in voiceless consonants, while the intraoral 
pressure was lower. " [p. 2001. The explanation proposed for 
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this was that there was a higher resistance in the vibrating 
glottis. The glottis proved to be more open during voiceless 
consonants than during voiced ones. See table 6.1 below. 
Normal Shouting Whispering 
Narbet of 
speech measure ants 
Voiceless plosives 60 130 85 6 
Voiceless fricatives 60 125 70 6 
Voiced plosives 35 65 70 4 
Voiced fricatives 50 95 60 4 
Glides, nasals, liquids 20 20 40 12 
/h/ 5552 
Table (6.1) Peak values of the intraoral pressure (in mmH2O) 
during different classes of consonants. The 
number given is the mean of n measurements. 
(After Slis, 1970) 
Much of the available published data on intraoral 
pressure have, generally speaking, been derived from record- 
ings of isolated monosyllabic and/or bisyllabic nonsense 
words (e. g. Malecot, 1966). Subtelny et al. (1966) have 
shown that the factor of overall vocal effort, viz. loudness, 
and syllable rate, greatly affect intraoral pressure. The 
effect of vocal effort has been shown to be as large as that 
attributable to any linguistic contrast. (Lisker, 1970). 
In discussing the effects of stress in nonsense words Scully 
(1971), on the other hand, has pointed out that from these 
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words "it was not possible to draw firm conclusions about 
the effect of stress upon the aerodynamic variables. " 
[p. 193]. An examination of the obtainable traces has 
indicated that the tongue constriction flow resistance (Rc) 
reached a lower minimum and that the cross-section of the 
tongue constriction (Ac) reached a greater maximum during 
the stressed vowel of a word. The results showed that a 
similar value of average airflow had been observed during 
both stressed and unstressed syllables. A greater degree 
of opening of the tongue constriction had been noticed in 
the stressed syllables. Previously, Arkebauer (1964) 
reported data relative to changes in air pressure with 
changes in consonant intensity level. His findings were 
that as the vocal intensity of a consonant-vowel syllable 
increased, the intraoral air pressure associated with the 
consonant increased concomitantly. Other investigators 
(Kunze, 1964; Ladefoged and McKinney, 1963; Isshiki and 
Ringel, 1964) have demonstrated that increases in the 
intensity level of the voice are accompanied by increases 
in subglottic air pressure, and that air pressures generated 
within the vocal tract increase as the level of speech is 
raised. 
In two subsequent investigations carried out on ten 
children and ten adults, Arkebauer et al. (1967) have 
observed that the mean peak intraoral air pressures were 
substantially higher for voiceless consonants than for their 
voiced counterparts, irrespective of their phonetic context, 
and that "the absolute differences between plosive cognates 
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were greater than those between fricative cognates. " [p. 199]. 
For voiceless consonants, they showed that plosives produced 
higher mean peak intraoral air pressures than fricatives in 
all phonetic contexts. However, within both the voiceless 
plosive and fricative classifications "the consonant rank 
seems to be dependent upon phonetic context, except for /f/ 
which consistently exhibits the lowest pressure for the 
voiceless consonants. " Cpp. 199-2007. The mean intraoral air 
pressure was found to diminish as the consonants were produced 
in three different contexts, namely in inter-, pre-, and 
post-vocalic contexts, respectively. 
For their adult group, the results indicated that 
the peak intraoral pressures were consistently higher for 
voiceless consonants than for their voiced partners, regard- 
less of utterance rate or intensity level. It was found 
that with voiceless consonants mean peak intraoral air 
pressures were greater for plosives than for fricatives under 
all experimental conditions, and that greater intraoral 
pressures were always associated with consonants occurring 
in intervocalic positions than in pre- or post-vocalic 
positions. Higher pressure magnitudes were found to accompany 
consonants in prevocalic co ntext than in postvocalic context. 
Arkebauer and his colleagues (op. cit. ) claimed that their 
findings were in agreement with the data of Hixon (1966) who 
had presented evidence that peak intraoral air pressures 
increase as a function of speech intensity, but were not in 
agreement with those of Black (1950) and Malecot (1955). 
Black had found that peak intraoral air pressures diminish 
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as consonants are produced in pre-, inter-, and post-vocalic 
positions; whereas Maldcot had found that intervocalic 
consonants are accompanied by greater peak intraoral air 
pressures than their pre- or post-vocalic consonants. 
Hixon's research (1966) was designed to investigate 
"simultaneous variations in intraoral pressure, oral airflow 
rate, and the area of the maximum oral constriction associated 
with specified conditions of turbulent noise production for 
speech. " [p. 1681. He measured intraoral air pressure, rate 
of oral airflow and consonant sound pressure level at the 
peak consonant noise level within each consonant articulation 
chosen for his study. The simultaneous values of air 
pressure and airflow were used to estimate the maximum oral 
constriction area at each measured point in time within each 
consonant articulation. The measurements were computed by 
using a formula similar to that reported by Warren and DuBois 
(1964) for measuring the area of the velopharyngeal orifice. 
Nevertheless, Hixon (ibid. ) assumed that it was possible to 
approximate the area of the maximum oral constriction by 
neglecting the empirically determined correction factor which 
was inserted in Warren and DuBois's equation1 to account for 
differences between the actual area and the theoretical area 
which result from turbulent, nonuniform and rotational flow. 
He neglected this correction factor because he thought it 
was unnecessary "since the interest in the present study was 
in relative rather than absolute areas. " [p. 174]. 
1. For further details pertaining to this equation see 
section 6.3.3.3. 
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Hixon's findings suggested that changes in sound 
pressure level for voiceless fricatives were accompanied 
by similar trends of change in intraoral air pressure. The 
results indicated that there was a rapid increase in airflow 
rate during the initial part of the consonant. This rapid 
increase remained relatively constant for a while and was 
then followed by a noticeable rise in airflow rate. The rate 
of change in constriction area was observed to be consider- 
ably greater during the initial and terminal parts of the 
production of the consonant than in that part preceding the 
peak sound pressure level. The results also indicated that 
air pressure, airflow and constriction area were not affected 
by utterance rate. 
Black (1950) selected eight different consonants for 
his study to investigate the relative amounts of air pressure 
in the mouth that accompany the production of each consonant. 
The selected consonants represented voiced-voiceless and 
plosive-fricative contrasts. They were arranged in three 
positions, viz. initial, medial and final, with three different 
vowels. In a medial position, the consonant was preceded 
and followed by the same vowel sound. His results showed 
that the consonant under investigation, in almost all the 
examined comparisons, was accompanied by a diminishing 
pressure as the consonant receded in the end. Final consonants 
were found to be spoken with less pressure than initial ones. 
Malecot (1955) reported that the average of the peak 
pressures for a given voiceless consonant is regularly greater 
than for a voiced consonant, and that voiceless consonants 
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are attributed greater 'force of articulation' than their 
voiced cognates in all but one pair, namely [s] : [z]. 
Later, Malecot (1966) made investigations "to study individually 
the various air-pressure-pulse parameters that may be involved 
in feedback. " Cp. 66]. He was primarily concerned with 
pretonic intervocalic single plosives in American English 
used in nonsense syllables, such as /apa/ and /aba/. His 
results suggested that all three parameters involved in the 
study, i. e. peak pressure, pressure impulse and duration, 
were shown to be distinctive, and a statistical superiority 
was given to the first two parameters (peak pressure and 
pressure impulse) as compared to the third parameter (duration). 
Further, Maldcot (1970) demonstrated that the 'fortis- 
lenis' feature of consonants "is primarily a synesthetic 
interpretation of magnitudes of intrabuccal air pressure and 
is conveyed variously in different contexts by the durations 
of the consonant closure and of the preceding vowel. " [p. 1588]. 
This fact was previously observed by Malecot (1966). He 
suggested that 'force of articulation' is a significant 
attribute of consonants and it is a determinant factor in 
the 'fortis-lenis' opposition particularly in pairs such as 
[p] : [b] and [s] : [z]. He also considered it as a 
linguistic reality. 
Malecot's collective results on 'force of articulation' 
have been critically reviewed by Ashby (1977) who commented 
that there is 'notoriously' little agreement among phoneticians 
over the meaning of 'force of articulation'. Fortis sounds 
are often characterized by greater 'force', 'effort' or 
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'tension' of articulation, and greater 'breath force' or 
'degree of breath'. More specifically, they have been 
equated with the following four factors : (Ashby, op. cit., 
p. 74). 
1) greater force at the point of articulation; 
2) increased muscular tension elsewhere in the supra- 
glottal tract; 
3) increased subgiottal air pressure; 
4) increased intraoral air pressure. 
Recent studies have shown that a fortis consonant exhibits 
a higher intraoral air pressure than its lenis cognate when 
all other three factors are kept constant. 
According to Ashby, Malecot was concerned with the 
lenis-fortis feature only as it corresponds with the voiced- 
voiceless contrast, and "makes no mention of the various 
reported cases of fortis articulation as a separate feature, 
affecting both voiced and voiceless segments. " [p. 75]. He 
pointed out that Malecot's work was not primarily an account 
of those factors exemplifying the lenis-fortis contrast in 
either English or French, but an explication of the lenis- 
fortis concept itself, and that Malecot's conclusions for 
French were in fact identical with those previously reported 
for English. Moreover, Ashby criticized Malecot's measure- 
ments of pressure curves obtained in his experiments and 
asked whether 'impulsion' was a valuable measure, or whether 
it represented "the well-known duration differences in the 
guise of pressure differences. " [p. 76]. 
In conjunction with those experiments designed to 
quantify the effects on intraoral pressure, intensity, and 
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rate of speaking, Ashby (op. cit. ) claimed that Malecot was 
"very far from having shown that a categorical distinction 
exists between fortis and lenis types in terms of intraoral 
pressure. " Cp. 773. Several extraneous factors such as loud- 
ness of speech, prosodic conditions and speaker characteris- 
tics might cause differences of pressure at least as great 
as those stated to separate fortis from lenis. Eventually, 
Ashby came to the conclusion that Malecot failed to provide 
sufficient proof that "intraoral pressure, or any other 
single physical parameter, can provide a contrast categorical 
enough to serve as a basis for the phonological distinction 
in question. " [p. 79]. He also added that it was obvious 
that 'lenis' and 'fortis' are as much cover terms as are 
'voiced' and 'voiceless'. 
Haag (1977) looked at the general conclusion reported 
by Subtelny et al. (op. cit. ) that "intraoral pressure and 
peak rate of oral flow are generally, perhaps linearly, 
related. " [p. 514]. His investigation of German plosives was 
an attempt, based on the speech evidence of only one speaker, 
to prove the validity of this conclusion. He selected 20 
bisyllabic isolated words of the general phonemic structure 
CVCV which he used in his experiments. Haag found that his 
results did not confirm the claim put forward by Subtelny 
et al. (op. cit. ), and which is quoted above. His findings 
showed that the peak airflow for German voiceless plosives 
was influenced by the degree of opening of the glottis and 
by the expiratory activity, rather than by the peak oral 
pressure. He remarked that his findings were in agreement 
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with those of Lisker (1970) and that his data indicated that 
"peak oral air pressure is positively related to the speaking 
rate but that the peak oral airflow is inversely related to 
the speaking rate. " Cp. 37]. 
On the other hand, the experiments conducted by Kunze 
(1964) to investigate the validity of obtaining subglottal 
air pressure by using three different techniques showed that 
measures of intra-oesophageal pressure did not provide an 
adequate estimate of subglottal pressures irrespective of 
the size or location of the balloon used; whereas intra- 
tracheal pressure provided reliable estimate of subglottal 
pressure during both sustained phonation and connected speech. 
The results indicated that the intra-oesophageal pressure 
drop that accompanied the interruption of phonation with 
abducted vocal folds and constant pulmonic volume provided 
a valid estimate of subglottal pressure under sustained 
phonation conditions. The relationship observed in Kunze's 
study was found to be consistent with those interpretations 
of previous findings in respiratory physiology, such as those 
reported by van den Berg (1956). 
Isshiki and Ringel (1964) recorded air volume, flow 
rate, and voice simultaneously while each of eight subjects 
read a list of 40 items composed of 20 CV syllables and 20 VC 
syllables. Their data revealed that the mean flow rate values 
for the voiceless consonants were greater than those for 
their voiced cognates. This observation was also reported 
by Ladefoged (1963), and Isshiki and Ringel (op. cit. ) related 
this to the second of the two factors: "expiratory effort 
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and degree of resistance within the vocal tract. " [p. 241]. 
Different flow rate patterns were seen to exist for the 
plosives, fricatives and vowel-like sounds, respectively. 
The flow rates for the plosive sounds were substantially 
greater than those found for either the fricatives or vowel- 
like sounds. Their results indicated that the flow rate 
for the fricative sounds increased at a steady but gradual 
pace until a point was reached beyond which the flow rate 
decreased. They assumed that "this point may correspond 
to relief from the anatomical stricture necessary for the 
production of a fricative sound. " Cpp. 238-239]. 
According to Isshiki and Ringel (op. cit. ) the produc- 
tion of a 'typical' plosive sound is composed of three stages 
which are chronologically arranged. The three stages are: 
"(1) an incomplete closure of the oral and naso-pharyngeal 
apertures and an associated reduction in the rate of airflow; 
(2) a complete closure of the flow ports and total stoppage 
of airflow; (3) a rapid opening of the flow ports and a 
subsequent sudden burst of airflow. " Cp. 236]. They noticed 
that during the production of plosives rapid and distinct 
variations took place in the shape of the vocal tract. There- 
fore, they suggested four factors to affect the flow rate 
during the explosion stage of a plosive sound production. 
The suggested four factors are: "(1) the opening characteris- 
tics of the oral and velopharyngeal stricture, (2) initial 
pressure within the vocal cavity behind the point of vocal 
tract closure, (3) the volume of the cavity in which the 
pressure is built up, and (4) the pulmonary air supply during 
the period of explosion. " Cp. 243]. 
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In another study, Isshiki (1965) examined the relation- 
ship between the vocal intensity and the flow rate at three 
different pitch levels. His results demonstrated that the 
variation of flow rate, as a function of 'Vocal intensity, 
was greater at a high pitch than that at a low pitch. 
Considerable variations were noticed within individual 
responses. The results also showed that on the low pitch 
phonation, the flow rate did not always increase with the 
10dB increment of vocal intensity. He pointed out that the 
low rate of increase at the low pitch was in contrast with 
the relatively high rate of increase in the flow rate which 
was observed generally at the high or the medium pitch. 
Scully (1971) designed a study which mainly aimed 
at relating "aerodynamic features of articulation for /s/ 
and /z/ to the tense-lax features of articulation and of 
acoustic output. " Ep. 187]. Oral pressure and volume airflow 
through the mouth were measured simultaneously for an English 
speaker. The tense-lax feature was seen to operate 'in the 
expected way' at the acoustic stage, but it applied 'in the 
opposite direction' at the articulatory stage. The timing 
for the movements of the tongue for [s] was almost the same 
as that for [z] when both segments occurred in similar phonetic 
contexts. Airflow and pressure were shown to be significantly 
greater for [s] than for [z]. Still, aerodynamic measures 
indicating the degree of tongue occlusion showed no signifi- 
cant differences between the two consonants. The acoustic 
difference between [s] and [z] was quite obvious in that 
voicing was made to continue through all or nearly all of [z] 
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but it entirely diminished during [s]. In conjunction with 
the amount of tongue movement and the timing of the tongue 
movements, both consonants were seen to be similarly articu- 
lated in the supraglottal vocal tract. 
The results of the oesophageal pressure experiment 
indicated that the tracheal and oral pressures were approxi- 
mately equal during the production of [s], and that they did 
not seem to differ very much for [s] and [z] in corresponding 
contexts. 
Within the framework of a computer model of speech 
production constructed by Scully (1975) and which was then 
modified and elaborated (Scully, 1979), it has been demonstrated 
that "durational differences of acoustic segments comparable 
with those of real speech arise from voiced-voiceless pairs 
of laryngeal articulations, as a result of differences at 
the aerodynamic stage of speech production. " [p. 233]. 
Spectrograms and intensity traces that were obtained from 
the experimental work indicated that acoustic events corres- 
ponded to but were not identical with supraglottal articulator 
occlusions of the vocal tract. This was due to the fact that 
"all the constrictions in the vocal tract contribute to the 
aerodynamic conditions at any one point in the vocal tract. " 
Cloc. cit]. 
The model was designed to investigate vowel and 
consonant durations in sequences containing voiced and voice- 
less plosives and fricatives. Movements of articulators were 
represented by a small number of constrictions of the vocal 
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tract. 
' 
The results obtained from the model showed that 
durational contrasts similar to those found in real speech 
arose simply as a consequence of contrasting aerodynamic 
conditions. Scully (op. cit. ) stated that durational differ- 
ences for vowel-consonant sequences with voiced and voiceless 
fricatives could be explained on the basis that subglottal 
and supraglottal articulator actions were the same for both. 
She added that "the observed aerodynamic differences can 
arise directly as a result of the single glottal articulatory 
distinction while the observed acoustic differences arise as 
a result of the aerodynamic conditions and not directly from 
the myodynamic articulatory stage of speech production. " 
[p. 288]. 
The function of the velopharyngeal mechanism has been 
studied by a number of investigators (e. g. Lubker and Moll, 
1965; Warren, 1964; Warren and DuBois, 1964; Warren and 
Devereux, 1966; Smith and Weinberg, 1980) who employed various 
techniques to infer the cross-section area constriction at 
the velopharyngeal orifice. For instance, Lubker and Moll 
(1965) developed a method to measure oral and nasal airflows 
separately, yet synchronously, in conjunction with cinefluoro- 
graphic observations. They devised a facemask to separate 
the oral and nasal airflows and to determine the mask effects 
on articulatory positioning. Their aim was to determine "a 
technique whereby such a mask can be used in synchrony with 
cinefluorographic techniques to investigate the relationships 
between oral and nasal airflows and various articulatory 
positions. " Cp. 258]. 
1. In her study of (1979), Scully stated that "Articulatory 
movements are represented by changes in cross-section area of 
a small number of constrictions of the vocal tract. " Cp. 37]. 
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Lubker and Moll (op. cit. ) pointed out that the face- 
mask had definite effects on labial and mandibular movement 
and on maximum rate of syllable production. 
1 They commented 
that it was difficult "to assess the significance of the 
mask's effect on maximum rate of syllable production, since 
this rate is not characteristic of normal speech production. " 
[p. 268]. No effects were noticeable on tongue movement. 
They claimed that the advantage of the facemask as a device 
to describe the airflow characteristics of normal speech 
might be limited because of the restrictions imposed by the 
mask on articulatory movements. They rejected the idea of 
using larger facemasks because of two major problems. First, 
"by enlarging the mask, a vast amount of dead space is added 
to the system, " and secondly, "any increase in size of the 
facemask also will increase the amount of space that must be 
sealed off between the oral and nasal cavities and, therefore, 
will make it more difficult to achieve an air-tight seal 
between the cavities. " [p. 269]. 
Later, Scully (1969) recognized the same difficulties 
pertaining to the use of the facemask in experimental work 
on aerodynamics of speech production. She distinguished 
two types of problems associated with the use of the aero- 
meter and data interpretation: practical and theoretical 
problems. Among the most important practical problems that 
affect the interpretation of airflow traces, she mentioned 
1. Also see Warren and Wood (1969) who state that "face- 
masks tend to restrict mandibular movement and this may 
cause some distortion of speech production. " [p. 467]. 
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the following points: 
1 
1. Adjustment of the facemask to fit differently shaped 
faces. 
2. Uncertainty of the mask's fit being completely air- 
tight during speech. 
3. Possibility of the mask restriction to jaw movements. 
4. Possibility of introducing errors into airflow traces 
of speech due to changes in the volume of the mask 
space when the jaw moves while the mouth is closed. 
5. Mask reduction of auditory feedback to the speaker. 
6. Difficulty of checking the baseline during speech due 
to the in and out combination of oral airflow on 
one channel. 
Quite recently, Karnell and Willis (1982a) have 
reported an investigation to examine vowel context as a 
variable affecting consonantal peak intraoral air pressure 
during the production of selected consonants. They used 
speech samples consisting of consonant/vowel combination in 
which the consonantal segment was either [p] or [b], and the 
vowel segment was either [a] or Cu]. The instrumentation 
they employed in their study is known as the 'Agnellograph 
Pressure Translator'; a device which has been newly developed 
by the Kay Elemetrics Company and which has been described 
by the same authors in another paper (Karnell and Willis, 
1982b). 
Following previous studies (e. g. Warren, 1964; 
Arkebauer, 1964; Subtelny et al., 1966; Brown and McGlone, 
1. For further information see Scully, 1969, pp. 58-60. 
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1969; Bernthal and Beukelman, 1978) they stated that the 
voiceless bilabial plosive Cpl was found to occur with 
higher peak intraoral air pressure than its voiced counter- 
part [b]. Both consonants showed higher mean peak intra- 
oral air pressures when in context with [u] than when in 
context with [a]. Their findings suggested that modifica- 
tions in the dynamic activity of the vocal tract have an 
effect on intraoral air pressure, and their study demons- 
trated that the coarticulatory effects of vowel context on 
plosive bilabial consonants can be observed and quantified 
through measurement of peak intraoral air pressure. 
6.3 Experimental Procedure 
6.3.1 Selection of Stimuli and Recording Technique 
The same words referred to in our acoustic experi- 
ment (see section 3.2.1) and in our experiments on speech 
synthesis (see section 4.3.5) have been used in the present 
investigation. The chosen words represented two oppositions 
involving different contoid types in which contrasts between 
single and geminate fricatives and plosives were used. The 
single consonants [s] and [d] versus their geminate counter- 
parts Ess] and Cdd], each used in word-initial and word- 
medial positions, were investigated. All words selected for 
this experiment were bisyllabic with primary stress on their 
first syllables. They were : /sabit/ and /ssabit/, /h asan/ 
and /hassan/, /darub/ and /ddarub/ and /badal/ and /baddal/. 
Each word was said twice within one and the same constructed 
carrier sentence, i. e. /'kitbi 'sit mar'raat/. 
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As mentioned. earlier, the idea behind using a carrier 
sentence instead of enunciating words in their isolate forms 
is because the context of the sentence facilitates closer 
control of every feature and gives greater consistency and 
renders the sound segments more natural. 
1 
This, of course, 
will help maintain normal stress and intonation patterns. 
Besides, using these stimulus items in the same carrier 
sentence will minimize the variability of the data and this, 
in turn, will help the investigator to keep, to a certain 
extent, the extraneous variables under his control. The 
accentual pattern of the sentence was kept to be the same, 
as far as possible, with the same tempo everytime the sentence 
was spoken, and a moderate breath was taken between utterances. 
As part of the present experiment, a list, making a 
total of 80 items, was recorded in the recording studio of 
the Phonetics Laboratory on high quality recording tape (type 
Ampex 1200). The speed of the tape was 7/"/sec, and the 
microphone used was of type AKGD 202E1. Gaps were left 
between recorded items so that this recording procedure could 
be used as a playback while conducting the experiment later. 
The recorded list made five runs. Each run contained 
16 items, and in each run the 16 recorded items were random- 
ized anew every time. The dummy carrier sentence /'kitbi 
ki'taab'sit marraat/ 'write book six times' followed by a 
silent period of almost the same temporal length as that of 
the dummy carrier sentence and by-the word 'beat' pronounced, 
rather slowly, three times, was said at the beginning and 
1. Cf. Odisho, 1975, p. 145. 
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end of every individual run. The word 'beat' was intentionally 
inserted after the silent period to help get the baseline, 
i. e. zero line, for the 'area' traces since there is complete 
closure of the articulators in a carefully produced plosive 
consonant, and also to check that the oral and nasal airflow 
portions of the double mask are well separated. Similarly, 
the silent period helped to identify the baselines for both 
oral airflow and oral pressure traces. Both the dummy carrier 
sentence and the word 'beat' were excluded while making 
segmentation and measurements at later stages. 
6.3.2 Subjects 
The author of the present study was his own subject 
for all studio recordings as well as for this pilot experiment. 
See section 3.2.2 for further information as to his linguistic 
background. 
6.3.3 Instrumental Set-up 
6.3.3.1 Airflow 
Airflow traces were obtained by fitting a rubber mask 
firmly to the subject's face; around the nose and the mouth. 
The mask was pressed tightly on the subject's face to mini- 
mize the escape of air through the soft rubber frame of the 
mask'. Inside the mask there was a relatively solid rubber 
flange which thoroughly separated the nose from the mouth. 
On the external surface of the mask two Mercury flowheads 
(type F100L) were affixed; one to the upper part and one to 
the lower part. The upper flowhead was for nasal airflow and 
-356- 
the lower one was for oral airflow. Each of the two flow- 
heads was fitted with a Gaeltec pressure transducer (type 
8T, +2 cm H2O). 
1 
The output signals of the two transducers 
were fed into a Gaeltec control unit, which acts as an 
amplifier, and then, inside an aerodynamic speech analyzer, 
they were low-pass filtered at 50 Hz. 
In order to be quite certain that there was no leakage 
of air through the solid rubber flange separating the nose 
from the mouth, a preliminary checking was carried out by 
breathing in and out first through the nose and then through 
the mouth. There were two airflow traces which were graphi- 
cally recorded on two separate mingograph channels. 
6.3.3.2 Oral Pressure2 
Oral pressure traces were obtained by using a soft 
sensing polyethylene tube with one opening near its end 
(type Franklin's oesophageal tube, size 8ch-257). At first, 
a small polyethylene tube with a bore of about 1.5 mm was 
tried. But it was found preferable, for the subject's comfort, 
to replace the small tube by a slightly larger one, and 
satisfactory results were obtained. The external diameter 
of the larger tube was about 3 mm and its internal diameter 
was about 2.5 mm. In order not to hinder normal articulation, 
the subject inserted the tube through his nose down to the 
pharynx rather than through his mouth. He also found it more 
convenient to insert the tube through his nose because he 
1. The whole assembly of the flowhead and the pressure 
transducer is normally called 'pneumotachograph'. 
2. Henceforth the terms 'oral' and 'intraoral' will be used 
synonymously. 
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discovered that he had a highly sensitive velum which was 
easily irritated at the touch of a plastic tube. The 
distance between the position of the free end of the tube 
in the pharynx and the naris was about 15 cm. 
Before starting the experiment an initial attempt had 
been made to insert the polyethylene tube through the nose 
with the help of a lubricator. The experiment was then 
carried out by inserting the tube without it. The air 
compressed behind the vocal tract constriction was trans- 
mitted by means of the polyethylene tube to a Gaeltec pressure 
transducer (type 3CT, + 10 cm H2O) through the small opening 
near the closed end of the tube. 
In order to measure the pressure drop across the 
tongue constriction (AP) as pressure difference between the 
tube behind the constriction and the reference tube in front 
of the constriction, one end of the reference tube was 
inserted into the mouth division of the mask; while the 
other end was linked to the Gaeltec pressure transducer. 
The output signals of the transducer were fed into a Gaeltec 
control unit. The signals were low-pass filtered at 50 Hz 
inside an aerodynamic speech analyzer which was also linked 
to the mingograph. The resulting traces of the oral pressure 
were displayed on channel 4 of the mingograph. 
6.3.3.3 Area 
An aerodynamic method of inferring aspects of the 
subject's articulatory control was used in this experiment. 
If the volume flow rate of air through the constriction (U) 
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and the pressure drop across the constriction (AP) are 
known, then the cross-sectional area of constriction (A) 
may be inferred, approximately, by means of the 'working' 
orifice equation: 
U=k. A. A-P 
where k is an empirical constant (Warren and DuBois, 1964). 
In this experiment, the method was used to give, 
approximately, the timing of the smallest constriction area 
formed by the tongue and the denti-alveolar region of the 
palate in the production of [s] and[ss]. The magnitude of 
the constriction at its smallest was compared for [s] and [ss], 
also. 
Oral 'area' traces were obtained from an aerodynamic 
speech analyzer. It is an analog computer device designed 
and constructed by R. W. Caley, Electronic Instrument Design. 
This device accepts, as input, electrical signals proportional 
to the volume airflow rate (U) and the pressure drop (AP). 
It gives, as output, an electrical signal proportional to 
U/ AP. All the signals inside the aerodynamic speech analyzer 
were low-pass filtered at 12 dB/octave with a cut-off 
frequency at 50 Hz. The actual magnitude of constriction 
area (A) in cm2 is given by the following formula: 
2 kU(cm3/sec) 
A(cm )- 
QP me H20) 
In this study, we used van den Berg et al. 's (1957) value 
for k (also used by Stevens, 1971). Therefore, an estimate 
for actual cross-sectional area of a constriction is obtained 
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by using the formula below: 
A(cm2) = 
0.00076 xU 
AP 
where U is in cm3/sec and AP is in cm H2O. 
The 'area' trace was used only to locate the minimum 
value of constriction area, replacing the laborious sampling 
and calculation otherwise required. At the times of minimum 
area thus located, the relative magnitudes of constriction 
area were calculated from the calibrated traces of airflow 
and pressure drop. It is possible to employ the aerodynamic 
speech analyzer with the airflow and pressure transducer 
systems because each of these has a linear calibration. The 
'area' traces were displayed on channel 5 of the mingograph. 
6.3.3.4 Electro-glottograph 
Mingograph traces for the electro-glottograph were 
obtained by placing two electrodes (F-J Electronics) hori- 
zontally on both sides of the external surface of the subject's 
larynx. The two electrodes were held firmly in place by a 
velcro strap which was tied around the neck of the subject. 
The vibrations of the vocal folds were transmitted into electric 
signals via the two electrodes to an electro-glottograph 
(F-J Electronics). The input to the electrode voltage was 
set at 4 for 'coarse' and at 6/ for 'fine'; the output 
associated with the vocal folds was set at 5;. 
In order to get an audio version of the behaviour of 
the vocal folds, the electric signals were transmitted from 
the electro-glottograph to track 2 of the Revox A77 tape- 
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recorder. The input to track 2 was set at 5/ Aux, and the 
output was set at 94. The balance of right/left was set at 
12 o'clock. The output signals were also fed from the 
electro-glottograph into the mingograph which graphically 
recorded electro-glottograph traces on channel 6. 
6.3.3.5 Duplex Oscillogram 
Duplex oscillogram traces were obtained by placing 
a microphone (type Electret) outside the mask in front of 
the subject's face. In order to have a recorded version of 
the stimuli presented in this experiment and to discard any 
wrong or ambiguous items before performing our segmentation 
and measurements, the microphone was linked to the tape- 
recorder and all the acoustic data of the experiment were 
recorded on high quality tape (type Ampex 1200) by using 
track 1 of the Revox A77 tape-recorder. The input to track 
1 was set at 4/, and the output was set at 9;. From the 
tape-recorder the signals were transmitted to a fundamental 
frequency, i. e. FO, meter (F-J Electronics) which, in turn, 
sent its signals to the mingograph. The balance control knob 
for the duplex oscillogram on the FO meter was set at 10 dclodc. 
Duplex oscillogram traces were displayed on channel 1 of 
the mingograph. Fig. 6.1 illustrates the whole instrumenta- 
tion employed in this experiment. 
6.4 Segmentation and Measurements Criteria 
6.4.1 Introduction 
For the sake of getting consistent results in our 
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Fig. (6.1) 
Description: 
A Flowhead for nose airflow (Mercury). 
A' Flowhead for mouth airflow (Mercury). 
B Pressure transducer for nose flowhead (Gaeltec). 
B' Pressure transducer for mouth flowhead (Gaeltec). 
C Pressure transducer for pressure tubes (Gaeltec). 
D Electro-glottograph (F-J Electronics). 
E Microphone placed outside the facemask (type : 
Electret). 
F Control box and amplifier for airflow (Gaeltec). 
G Control box and amplifier for oral pressure (Gaeltec). 
H 2-track tape recorder (Revox A77). 
I FO (Transpitch) meter to give duplex oscillogram 
(F-J Electronics). 
J Aerodynamic speech analyzer with low-pass filter- 
ing (Richard Caley). 
K Mingograph (Mingograf No. 803/Siemens Elema). ' 
Mingograph traces: - 
Ch. O Timer. 
Ch. 1 Duplex oscillogram (gain set at 7; ). 
Ch. 2 Volume flow rate of air through the nose 
(gain set at 9) 
Ch. 3 Volume flow rate of air through the mouth 
(gain set at 6/). 
Ch. 4 Oral pressure with air in front of the mouth 
as reference (gain set at 6). 
Ch. 5 'Area' of oral cons triction, derived from oral 
airflow and oral pr essure (gain set at 3/). 
Ch. 6 Glottograph signal (gain set at 9). 
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experiments on the aerodynamic and articulatory activities 
of the vocal tract during speech, we present certain formulae 
for segmenting and measuring those items under investigation. 
Aerodynamic and articulatory segmentation and measurements 
were based on oral airflow, oral pressure and oral 'area' 
traces. Points for 2 articulatory events were established 
on these traces; these were taken to represent the beginning 
and end of an articulatory segment. In this way the articula- 
tory durations of the segments and utterances to be analysed 
were established. By reference to these points, both aero- 
dynamic and articulatory measurements were made. 
All oral airflow, oral pressure and oral 'area' 
traces have a linear calibration. That is to say, when the 
trace looks twice as high on the mingograph paper, the 
actual physical thing being recorded really is twice as 
large (Scully, 1982). For this reason, one can measure air- 
flow, oral pressure and oral area (in mm) up from the baseline, 
i. e. zero line, to get the contrasting patterns. 
For the purpose of presenting our tables, all the 
numbers indicating measurements of duration,. oral pressure 
and oral airflow have been rounded up to the first decimal 
place. This is because we first made our measurements in 
millimeters and then they were converted into milliseconds 
for duration, cm H2O for oral pressure and cm3/sec for oral 
airflow. 
Probably the estimated accuracy of measurements will 
be as follows: 
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1. for duration is +4 msec; 
2. for oral pressure is + 0.2 cm H2O; and 
3. for oral airflow is + 20 cm3/sec. 
2 and 3 imply that the estimated accuracy for actual magnitude 
2 
of constriction area (A) is about + 0.005 cm. This needs 
to be born in mind when considering the patterns shown in 
the numbers presented'in the tables. 
Traces of duplex oscillograms and electro-glottograms 
have also contributed to our segmentation procedures. They 
have been of major help in inferring the activities of the 
vocal folds as well as identifying different phonetic 
contrasts, i. e. distinctions between voiced versus voiceless 
segments. 
6.4.2 Articulatory Duration of Supraglottal Constriction 
In order to measure the articulatory duration (T2) of 
the segments under investigation, a baseline for oral area 
was drawn. Similar baselines for oral airflow and oral 
pressure were also drawn. Points were established on the 
oral 'area' trace to represent the initiation and termination 
of the articulatory events of [s] and Ess] on the one hand, 
and of [d] and Cdd] on the other in word-initial and word- 
medial positions. For the two plosives Cd] and Cdd], the 
point of initiation is taken where the falling 'area' traces 
touch the baseline. This fall is taken to denote the end of 
the preceding vowel and the beginning of the following 
consonant. At the same time, the termination point of Ed] 
and Cdd] is taken as a sudden rise where the 'area' trace 
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departs from the baseline. This rise is taken to denote 
the end of Cd] and Cdd] and the beginning of the following 
vowel. 
For the two fricatives Cs] and [ss], an arbitrary 
threshold value was established at 4 mm above the lowest 
point in the dip of the 'area' trace. The dip of the 'area' 
trace is taken to represent the smallest oral constriction 
area value for a fricative. After locating the smallest 
oral area value, a synchronizing line was drawn up the mingo- 
graph squared paper so as to measure airflow and pressure 
(in mm) at this point of time up from zero line, i. e. the 
baseline. The smallest oral area value was also measured 
at this point (in mm) up from zero line. Measurements of 
duration were made (in msec) between points in time where 
the 'area' trace crosses the chosen arbitrary threshold value. 
These points were taken to represent the articulatory duration 
of supraglottal constriction for [s] and Ess]. 
It is worth stating that similar, but not identical, 
contrasts for the oral 'area' trace for Ed] and Edd7, and 
for [s] and Ess] were also noticeable on the oral airflow 
trace, see section 6.4.3. Figs. 6.2 and 6.3 show how segmen- 
tation and measurements of articulatory duration were made 
on the 'area' trace for the consonants under analysis. 
6.4.3 Articulatory Timing 
To begin with, by 'articulatory timing' of a word, or 
a syllable, or a sequence, we refer to the duration existing 
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ýI T2 
i 
d 
1 
1 
t 
1 
1 
Oral Airflow 
Oral Pressure 
Oral Area 
4 mm 
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Figs. (6.2 and 6.3) 
abc 
1 
1I_i 
Mingograms of the sequences /hass-/ in /hassan/ and 
/badd-/ in /baddal/ showing the criteria for segmentation 
and measurements of articulatory timings for the 
investigated stimuli. 
;i 
1 
ha ss ba dd 
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between the articulatory events within and preceding the 
investigated consonantal segments in our selected stimuli. 
Therefore, only articulatory events preceding the examined 
consonants in word-medial position have been studied. For 
example, the time between the moment of release, i. e. 
occlusion offset, of an initial plosive and that of a medial 
one, as in /badal/ and /baddal/, or the time between minimum 
cross-sectional area (Ac min. for short) of an initial fricative 
and that of a medial one, as in /hasan/ and /hassan/ was 
measured, see start of segment T1 in Figs. 6.2 and 6.3. 
The objective behind measuring the articulatory 
timings, i. e. Tl, T3 and T4, is to see whether there is a 
significant difference in articulatory duration between a 
vowel preceding a single consonant and that of a similar 
one before a geminate consonant provided that the two 
consonants should be of the same phonetic manner and place 
categories. 
For [s] and Ess] occurring word-medially, the lowest 
point on the dip of the 'area' trace, representing Ac min., 
was taken as the point in time for carrying out our measure- 
ments; whereas for the initial voiceless pharyngeal fricative 
[h] the time of the minimum value of Ac was based on measure- 
ments made by using the dip of the oral airflow, i. e. minimum 
value of volume airflow rate (Uo min. for short), since it 
was found that the point in time at Ac min-very often 
coincided with a'corresponding point of Uo min. It was not 
possible to obtain oral pressure traces for Ch] so that the 
'area' trace could not be used here. 
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In Fig. 6.2, a b(T1) represents the articulatory 
timing (in msec) for vowel [a] preceding Cs] and Css]; ad 
(T3) represents the articulatory timing for the sequences 
/has-/ in /hasan/ and /hass-/ in /hassan/; a c(T4) represents 
the articulatory timing between Ac min. of Ch] and that of 
Cs] and [ss]; bd (T2) represents the articulatory duration 
of Cs] and [ss], as discussed in section 6.4.2. 
In the case of Ed] and Cdd], three points in 
time have been considered, see Fig. 6.3 . Point a represents 
the time of the occlusion offset, i. e. the release, of word- 
initial [b] as established on the 'area' trace where it 
suddenly departs from the baseline upwards; point b represents 
the time of the occlusion onset of word-medial Ed] and Edd] 
where the 'area' trace suddenly goes down to reach the base- 
line; point c, on the other hand, represents the time of the 
occlusion offset of the two consonants Ed] and Edd] where the 
'area' trace moves sharply from the baseline upwards. Again, 
it was obvious that both downward and upward movements of the 
'area' trace, indicating the initiation and termination of 
[d] and Edd], coincided with similar movements for the two 
plosives on the oral airflow traces. It was also observed 
that the start of the sudden rise of the 'area' trace matched 
closely movement of the peak pressure for the two plosives 
on the oral pressure traces. 
As for word-initial [b] in /badal/ and /baddal/, 
the sudden upward movement of the 'area' trace, indicating 
the offset of the plosive occlusion, was taken to represent 
the starting point in time for articulatory timing measurements. 
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In cases where the beginning of the sudden rise of the 'area' 
trace was not clearly identifiable, the peak pressure on 
the oral pressure trace was regarded as the key to indicate 
the starting point instead. In Fig. 6.3, ab (T1) represents 
the articulatory timing of vowel [a] preceding Ed] and Cdd]; 
ac (T3) represents the articulatory timing between occlusion 
offset of [b] and that of Ed] or Cdd], i. e. the articulatory 
timing for the sequences /bad-/ in /badal/ and /badd-/ in 
/baddal/; b c(T2) represents the articulatory duration of 
Ed] and Ldd], as explained in section 6.4.2. 
6.4.4 Oral Pressure 
In order to find out the pressure values at peak 
oral pressure points, a baseline for oral pressure traces 
was drawn for all items to be analyzed, namely Cs] versus 
Iss] and Cd] versus Cdd], both in word-initial and word-medial 
positions. A vertical line was drawn between the baseline 
and the peak points of the oral pressure traces for all 
segments under investigation. The distance from the baseline 
up to the peak point was measured (in mm). Measurements 
(in cm H2O) were based on a linear calibration of oral 
pressure traces. 
6.4.5 Minimum Cross-Sectional Area of Constriction 
For the purpose of estimating the timing of the 
minimum area of constriction (i. e. Ac min. ) created by the 
articulatory organs while producing the fricative consonants, 
the dip of the 'area' trace was taken to represent the moment 
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of the smallest value 
The actual magnitudes 
at the points of time 
from the calibrated t 
pressure. 
In Figs. 6.4 
of constriction area for fricatives. 
of constriction area were calculated 
of minimum area which were extracted 
races of both oral airflow and oral 
and 6.5, for instance, point a 
represents the time of the smallest value of cross-sectional 
area of constriction (i. e. Ac min. ) for the single fricative 
Cs] and its geminate cognate [ss]. a' and a" are the 
corresponding points of time on the oral airflow and oral 
pressure traces which represent, respectively, the value of 
volume airflow rate Wo for short) and the value of oral air 
pressure (Po for short) relative to the air pressure just 
in front of the mouth at the time of a. Following previous 
works of some researchers (for example Warren and DuBois, 
1964, p. 52; Lubker, 1969, pp. 218-219; Scully, 1971, p. 189; 
Smith and Weinberg, 1980, p. 277), the cross-sectional area 
of constriction can be estimated by means of the following 
general orifice equation: 
1 
A 
kU 
P 
where A is constriction area, k is an empirical constant, U 
is the volume flow rate of air, and AP is the pressure drop 
across the constriction. Therefore, the relative magnitude 
of Ac at point a has been calculated by the value of U at 
point a' divided by the value of o at point a". 
1. More details about this equation have been mentioned in 
section 6.3.3.3. 
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Figs. (6.4 and 6.5) 
Mingograms of Cs] in /hasan/ and Ess] in /hassan/ 
showing the criteria for segmentation and measure- 
ments of the minimum cross-sectional area of 
constriction (Ac) estimated from oral airflow 
and oral pressure measurements. Point a corresponds 
in time to Ac min., point a' corresponds to the 
value of volume airflow rate (Uo) at the time of 
point a, point a" corresponds to the value of 
oral pressure (Po) at that point. 
aW 
Cs] 
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To give approximately the timing of the smallest 
constriction area created by the supraglottal articulators 
in the production of fricative consonants and to confirm 
the accuracy of our choice of the dip of the 'area' trace 
as the minimum value of U//P, we examined the plausibility 
of that choice by following a procedure where a number of 
points were chosen randomly on the 'area' trace, in addition 
to point a, near the dip of the trace for single [s] in 
/hasan/ and its geminate counterpart Css] in /hassan/, as 
shown in Figs. 6.6 and 6.7. Both Uo and Po were measured 
at these various points of time. Values of constriction 
area were, then, calculated at these points, and it was 
found that point a gave the smallest value of cross-sectional 
area of constriction in the two examples under consideration. 
See tables 6.2 and 6.3. 
While performing our segmentation and measurements, 
we observed that point a at Ac min. always coincided with 
point a' of Uo min, i. e. the dip of the oral airflow trace. 
We, therefore, took advantage of this coincidence between 
the two points and considered the dip of the oral airflow 
trace to represent Ac min. for back consonants, such as the 
voiceless pharyngeal fricative Ch] in /hasan/ and /kassan/, 
for which Po traces were dififcult to obtain and, thus, the 
measurements for finding the time of the minimum value of 
Ac could not be estimated. 
1 In section 6.4.3, it has been 
shown that this representation of Ac min. with the help of 
Uo min. was of benefit to us in measuring articulatory events 
for back consonants. 
1-This observation has also been reported by Hassan, op. cit. 
pp. 279-282. 
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Table (6.2) Calculations of Ac at the points in time of 
a, b, c, d, e on the 'area' trace for the single 
fricative [s ] in /hasan/ as shown in Fig. 6.6. 
The results indicate that point a has the minimum 
value of Ac in all cases. 
Points Uo(an3/Sec) Po (cm H2O) Ac = 
kLjo (ant) 
YPO 
a 454.5 14.4 0.091 
b 666.7 11.9 0.147 
c 515.2 13.3 0.107 
d 575.8 12.5 0.124 
e 727.3 10.8 0.168 
Table (6.3) Calculations of Ac at the points in time of a, b, 
c, d, e on the 'area' trace for the geminate 
fricative Es s] in /hassan/ as shown in Fig. 6.7. 
The results indicate that point a has the 
minimum valu e of Ac in all cases 
Points Uo (cm3/sec) Po (an H20) Ac = 
kP (CM2) 
a 272.7 15.5 0.053 
b 393.9 15.3 0.077 
c 303.0 15.6 0.058 
d 333.3 14.7 0.066 
e 454.5 12.2 0.099 
-375- 
6.5 Acoustic Measurements 
6.5.1 Instrumental Set-up and Segmentation Criteria 
The quantitative acoustic data for the stimulus 
items of this experiment were separately obtained at a 
later stage by using the same instrumentation, as described 
in section 3.2.3. The intensity meter was employed, and 
three types of intensity level traces were graphically 
recorded via the mingograph. Channel 1, of the mingograph, 
displayed intensity level traces high pass filtered at 
3.9 kHz (log scale), channel 2 displayed intensity level 
traces high pass filtered at 500 Hz (log scale), and channel 
3 displayed intensity level traces low pass filtered at 
500 Hz (linear scale). 
The segmentation and measurements procedures used 
in the present investigation were the same as those discussed 
in our acoustic experiment of Chapter Three. Briefly, the 
acoustic durations of the investigated consonants and of 
their preceding vowels were made (in msec). on the low pass 
intensity level traces filtered at 500 Hz with an arbitrary 
threshold value set at 26 dB above the baseline. The high 
pass intensity level traces of both types, i. e. those 
filtered at 500 Hz as well as those filtered at 3.9 kHz, 
were of great support, especially when determining the 
initiation and termination points of fricative consonants. 
It was not necessary to establish an arbitrary threshold 
value for the H. P. 3.9 kHz trace since it rose and fell 
sharply from and to its baseline. Full explanation of how 
our acoustic segmentation and measurements criteria were 
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carried out can be referred to in section 3.2.4. 
Similar to the terminology used in describing our 
articulatory measurements criteria, Figs. 6.8 and 6.9 show 
that a b(t1) represents the acoustic timing (in msec) for 
vowel [aJ preceding [s] and Css], or Cd] and Cdd]; a c(t3) 
represents the acoustic timing for the sequences /has-/ in 
/hasan/ and /hass-/ in /hassan/, or /bad-/ in /badal/ and 
/badd-/ in /baddal/; b c(t2), on the other hand, represents 
the acoustic duration of [s] and Ess], or Ed] and [dd]. 
From this description, then, it is apparent that we distin- 
guish between 'acoustic duration' on the one side, and 
'acoustic timing' on the other exactly in the same way as 
we distinguish between 'articulatory duration' and 'articula- 
tory timing', see sections 6.4.2 and 6.4.3. 
6.6 Statistical Test Used 
The results of this pilot experiment were subjected 
to the same statistical treatment of the Mann-Whitney U-test 
used in our experiments on speech synthesis. The two levels 
of significance for rejecting Ho reported in those experiments 
have also been used in our present investigation. Therefore, 
differences between single and geminate consonants at p X0.01 
will be described as statistically highly significant; 
whereas differences at p>0.01 and ps0.05 will be described 
as statistically significant. At the same time, differences 
at p >'0.05 will be described as statistically non-significant. 
The first and the second levels of significance will be 
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similarly marked by the signs (**) and (*), respectively. 
The non-significant level will be left unmarked. See section 
4.4 for full details of the statistical test used in this 
experiment. 
Generally, statistical tests are tools used to 
analyze results that may lead to inferences concerning the 
reliability of the difference between groups of scores. 
Statisticians (e. g. Miller, 1975, p. 119) state that there 
is always a grave danger that statistical significance may 
blind the experimenter to possible weaknesses of design 
and conceptualization which underly the numerical results. 
They also emphasize the fact that the practical and theoreti- 
cal significance of the results is determined by many 
considerations which are external to the statistical analysis. 
Among these considerations are the adequacy of the design, 
the magnitude of the experimental effect and the nature of 
the subject population. Therefore, in examining the results 
of our pilot and main experiments we do not only describe 
the p values in the tables, but we also consider the overall 
pattern trends, i. e. the actual measurements of the two sets 
(taking the accuracy of measurements into account), their 
mean values and their standard deviations, before we draw 
our conclusions. 
6.7 Analysis of Results 
6.7.1 Oral Pressure 
Tables 6.4 - 6.7 show the measurement values of 
peak oral pressure. Each table contains the ten tokens that 
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have been analyzed, the mean values of their peak oral 
pressure, the standard deviation, the U value of the 
statistical treatment of the Mann-Whitney U-test, and the 
p value indicating the significance of the differences 
between the stated measurement values. 
Table 6.4 shows that there are significant differ- 
ences in peak oral pressure between the single fricative [sJ 
and its geminate cognate Css] when both are in word-initial 
position, where p value is at 0.0170. Table 6.5, on the 
other hand, shows the differences in the values of peak 
oral pressure between the two segments occurring word-medially. 
In contrast, to the results indicated in table 6.4, table 6.5 
shows that these differences are statistically non-significant 
with p value at 0.1822. 
Table 6.6 indicates considerable differences in 
peak oral pressure between the single plosive [d] and its 
geminate partner Edd], when the two segments occur word- 
initially. The differences are statistically highly signifi- 
cant, where p value is at 0.0001. Table 6.7 indicates 
that the differences in peak oral pressure are still 
statistically highly significant when both consonants occur 
word-medially, with p value at 0.0002. 
Generally, the statistical evaluations indicated 
in the results of the four tables show clearly that peak 
oral pressure is greater for a plosive consonant than for 
a fricative consonant in comparable context. 
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6.7.2 Oral Airflow and Oral Pressure at Ac minimum 
Tables 6.8 - 6.11 show the results for aerodynamic 
conditions, i. e. volume airflow rate and oral pressure at 
the minimum point of cross-sectional area associated with 
the production of the single fricative [s] and its geminate 
counterpart Ess] used in word-initial and word-medial 
positions. Tables 6.8 and 6.9 illustrate that differences 
in the volume of airflow rate (Uo) between [s] and [ss], 
used either word-initially or word-medially, are statisti- 
cally highly significant, where p values are at 0.0044 and 
0.0004, respectively. 
For oral pressure (Po), table 6.10 illustrates 
that differences between word-initial [s] and word-initial 
Css] are statistically significant, with p value at 0.0204. 
Table 6.11, on the other hand, shows that the differences 
in the amount of oral pressure at the minimum point of 
cross-sectional area between word-medial [s] and word-medial 
Iss] are statistically non-significant, with p value at 
0.1582. It is worth noting that tables 6.10 and 6.11 
demonstrate similar trends to those presented in tables 6.4 
and 6.5, where differences in oral pressure are statistically 
more significant as between single and geminate fricatives 
in word-initial position than as between those used word- 
medially. These similarities are not surprising, since 
the pressures have been measured very close together. 
However, an inspection of tables 6.12 and 6.13 shows 
that differences in Uo at Ac min. i. e. Uo min., between [s] 
used word-initially and that used word-medially are statisti- 
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cally non-significant, with p value at 0.1328; whereas for 
the geminate Css], the differences are shown to be signifi- 
cant, where p value is at 0.0240. At the same time, tables 
6.14 and 6.15 show that differences in Po at Ac min., i. e. 
Po min., between [s] occurring in word-initial position and 
that occurring in word-medial position are also statistically 
non-significant. The same fact applies to [ss], except 
that in the case of [s] the differences are entirely 
negligible, where p value is at 0.7019. 
6.7.3 Minimum Cross-Sectional Area of Constriction 
Tables 6.16 and 6.17 show significant differences 
in Ac minimum between the single fricative [s] and its 
geminate cognate [ss]. More specifically, the smallest value 
for cross-sectional area of constriction is considerably 
larger for [s] than for Css] when both segments occur either 
word-initially as in /sabit/ versus /ssabit/, or word- 
medially as in /hasan/ versus /hassan/, where p values are 
at 0.0081 and 0.0006, respectively. In other words, these 
results indicate strongly that there is a closer approxima- 
tion between the tip or blade of the tongue and the hard 
palate when pronouncing a geminate consonant than when 
pronouncing a non-geminate consonant. This is, in the 
ordinary course of events, the reason why there is a greater 
amount of oral pressure and a lesser volume of airflow rate 
in the production of a geminate consonant; whereas a non- 
geminate consonant is accompanied by a lesser amount of oral 
pressure and a greater volume of airflow rate, see tables 
6.4 - 6.11. 
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It is of interest to remark here that the results 
presented in tables 6.16 and 6.17 are compatible with 
those reported in our experiments on palatography. They, 
therefore, give further support to our palatographic find- 
ings that geminate consonants are characterized by having 
a more extensive and clearer wipe-off, thus implying firmer 
contact between the articulatory organs, than their non- 
geminate partners, see section 5.4. 
Tables 6.18 and 6.19 show that there are no signifi- 
cant differences in the Ac minimum of [s] and Css] 
pronounced word-initially and those pronounced word-medially. 
6.7.4 Articulatory Duration of the Supraglottal Constriction 
In so far as the articulatory duration of the 
supraglottal constriction, i. e. T2, for single fricatives 
and plosives versus their geminate counterparts is concerned, 
table 6.20 illustrates significant differences in articula- 
tory duration of the supraglottal constriction between [s] 
and Iss] when both segments are used word-initially. These 
differences are also statistically highly significant, with 
p value at 0.0001, when the two segments occur word-medially, 
as shown in table 6.21. 
Tables 6.22 and 6.23 show that the differences 
in articulatory duration of the supraglottal constriction 
for the single plosive [d] and its geminate cognate [dd7 
have the same trend as that of [s] and Iss]. That is, the 
differences are statistically highly significant when the 
two consonants, namely Cd] and Cdd], are pronounced in word- 
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initial and word-medial positions, where p value is at 
0.0001 in both tables. 
Considering the results shown in tables 6.20 -6.23, 
one may, once again, unhesitatingly claim that they provide 
a further concrete evidence to the facts presented in our 
direct palatography experiment, where it was suggested that 
the more extensive and the clearer wipe-off associated with 
the production of geminate consonants signifies firmer 
contact between the articulatory organs in contrast with 
the less clear wipe-off characterizing the non-geminate 
consonants. Articulatorily speaking, the results presented 
in tables 6.20 - 6.23 show very clearly that geminate 
consonants are considerably longer than, their non-geminate 
partners, no matter whether they are fricatives or plosives, 
used word-initially or word-medially. Consequently, one 
can say that the wider and clearer the wipe-off of a 
segment is, the longer articulation it has. 
6.7.5 Articulatory Timing 
Tables 6.24,6.25 and 6.26 show significant 
differences in articulatory timing between the two segments 
/has-/ in /hasan/ and /hass-/ in /hassan/. In table 6.24, 
for example, it is shown that differences in articulatory 
timing (T1) between Ac min-of word-initial Ch] and the 
beginning of word-medial [s] or Ess] are statistically highly 
significant, with p value at 0.0004. Table 6.26 shows 
significant differences in articulatory timing (T4) between 
Ac min. of word-initial Ch] and that of word-medial Cs] or Ess]. 
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From the articulatory point of view, the results of this 
table demonstrate clearly that the geminate Css] is con- 
siderably longer than its non-geminate counterpart [s], 
and that the execution of Ac min. for the geminate consonant 
remains for a longer period of time than that for the non- 
geminate consonant. Table 6.25, on the other hand, shows 
that there are significant differences between T3, i. e. " 
the articulatory timing between Ac min. of word-initial [h] 
and the end of word-medial [s] or Css], in the sequence 
/hass-/ and that in /has-/. It is considerably longer in 
the former sequence than in the latter one, suggesting that 
Css] has a significantly longer articulation than [s]. T3 
equals T1+ T2, i. e. the articulatory timing of the preceding 
vowel plus the articulatory duration of the consonant under 
investigation, respectively. 
For the two plosives [d] and Cdd], table 6.27 
illustrates that there are non-significant differences in 
articulatory timing (T1) between the occlusion offset of 
word-initial [b] and the occlusion onset of word-medial Ed] 
in /badal/ and [dd] in /baddal/. The differences are shown 
to be completely negligible, where p value is at 0.6613. 
These articulatory results are highly consistent with our 
acoustic results reported in our experiment of Chapter Three, 
see tables 3.21 - 3.24. They are also in agreement with 
our acoustic results presented in table 6.34 of this chapter. 
These findings strongly suggest that, on the articulatory 
level, there is no evidence of temporal compensation occur- 
ring between a geminate consonant and a preceding vowel; a 
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fact that has been acoustically discussed in Chapter Three 
of this study, see section 3.3. They also suggest that a 
geminate plosive is not necessarily accompanied by an earlier 
closure phase than that for a non-geminate cognate. Indeed, 
for the fricatives the closure for the geminate appears to 
start a little later than for the single fricative. This 
indicates that our present results are in direct discrepancy 
with the contentions of a number of researchers examining 
other languages (e. g. Nooteboom and Slis, 1972; 
Thananjayarajansingham, 1976). On I. C. Arabic, Hassan (1981) 
found small but significant differences before single 
consonants than those before geminate consonants. They are, 
on the other hand, in agreement with the findings reported 
by Delattre (1971) and McKay (1980) in that durational 
differences between vowels preceding geminate consonants 
and those preceding non-geminate consonants are negligible, 
see section 3.4. 
In the case of T3, i. e. the articulatory timing 
between occlusion offset of word-initial [b] and that of 
word-medial Cd] and Cdd], table 6.28 shows the closure 
duration for the geminate Cddl is almost exactly twice that 
for the single Ed]. The differences are shown to be 
statistically highly significant, with p value at 0.0001. 
The results of this table give further support to those 
presented in table 6.23 in that a word-medial geminate 
plosive has considerably longer articulation than its non- 
geminate counterpart. 
However, an examination of the above-mentioned 
tables will reveal the fact that T1 has been found to be 
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considerably longer before [ss] than before [s], suggesting 
that the articulatory timing of vowel [a] is longer before 
a geminate fricative than that before a single one; whereas 
with the plositves, T1 shows no significant differences 
before either consonant. The difference between fricatives 
and plosives in articulatory timing is puzzling, and calls 
for further investigation. 
6.7.6 Acoustic Duration 
In tables 6.29 - 6.32 the acoustic durations (t2) 
of consonants [s] versus Ess] and [d] versus Cdd] are 
presented. These tables show that the geminate consonants 
are considerably longer than their non-geminate partners, 
whether they occur word-initially or word-medially. Tables 
6.29 and 6.30, for instance, show that the geminate fricative 
Iss] is twice as long as its single cognate [s]. The durational 
differences between the two consonants are found to be 
statistically highly significant, with p value at 0.0002 
both in word-initial and word-medial positions. Tables 6.31 
and 6.32 show that the geminate plosive [dd] is three times 
longer than its single counterpart Cd] in identical word 
positions. The differences in duration between the two 
consonants are also found to be statistically highly signifi- 
cant, with p value at 0.0001. 
The results presented in these tables show the 
same trends as those indicated in tables 6.20 -6.23 in that 
geminate consonants have considerably longer articulations 
than single consonants. They are also highly consistent 
with the results found in our acoustic experiment reported 
in Chapter Three, see section 3.3. 
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6.7.7 Acoustic Timing 
Tables 6.33 and 6.34 show the results of acoustic 
timing (t1) between the termination of word-initial [l] 
and [b] and the initiation of word-medial [s] and Css], 
or Cd] and Cdd]. Again, these results apparently have 
similar trends to those obtained in our acoustic experiment 
of Chapter Three. That is, the durational differences of 
vowel [a] preceding [s] and [ss] or [d] and Cdd], occurring 
intervocalically, were found to be negligible. These 
differences in vowel duration were statistically shown to 
be non-significant, with p value at 0.3174 in the first 
table and at 0.3461 in the second table. This is, in fact, 
more evidence indicating the non-existence of temporal 
compensation between a geminate consonant and a preceding 
vowel as has been previously discussed. 
In tables 6.35 and 6.36, however, the acoustic 
timing (t3) is shown to be considerably longer for the 
sequences /-ass-/ in /hassan/ and /-add-/ in /baddal/ than 
for /-as-/ and /-ad-/ in /hasan/ and /badal/, respectively. 
The durational differences between each pair of these 
sequences were found to be statistically highly significant 
where p value is at 0.0001 in both tables. These results 
are shown to be compatible with those of the articulatory 
timing, viz. T3, of the same sequences as indicated in 
tables 6.25 and 6.28. t3 has been taken to represent tl +t 2' 
i. e. the acoustic timing between the end of word-initial 
Ch] or [b] and the beginning of word-medial [s] and Ess] or 
Ed] and Cdd7 plus the acoustic duration of the investigated 
consonant. 
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6.7.8 General 
From the results presented in all the tables of' 
this experiment, it seems clear that word-initial and word- 
medial geminate consonants, both plosives and fricatives, 
are characterized by the following aerodynamic, articula- 
tory and acoustic features: 
1. slightly higher oral pressure; 
2. smaller volume airflow rate (for fricatives) ; 
3. smaller cross-sectional area (for fricatives); 
4. longer articulatory and acoustic durations (i. e. 
T2 and t2) ; and 
5. longer articulatory and acoustic timings (i. e. 
T3 and t3). 
On the other hand, the corresponding non-geminate 
counterparts are characterized by the following features: 
1. lower oral pressure; 
2. greater volume airflow rate (for fricatives); 
3. bigger cross-sectional area (for fricatives); 
4. shorter articulatory and acoustic durations (i. e. 
T2 and t2); and 
5. shorter articulatory and acoustic timings (i. e. 
T3 and t3). 
Apart from the articulatory timing between Ac min. 
of word-initial Ch] and the beginning of word-medial [s] 
and Css], the tables show that durational differences between 
vowels preceding geminate consonants and those preceding 
non-geminate ones were negligible. These differences in 
duration were statistically shown to be totally non-signifi- 
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cant. The tables also illustrate that the standard 
deviation, i. e. S. D., was generally greater with the 
geminates than that with the non-geminates. This, undoubt- 
edly, indicates that the dispersion among the measures of 
geminate consonants was greater than that with their single 
partners. 
Furthermore, a visual scrutiny of the resulting 
trace patterns does confirm the reliability of the statisti- 
cal evaluations as well as the results obtained from our 
segmentation and measurements procedures. However, there 
is one more thing which, we believe, needs mentioning here. 
That is, the oral pressure traces are seen to take a 
relatively small and short domed shape for the single 
fricative both in word-initial and word-medial positions; 
while for the geminate cognate the situation seems quite 
different. The most common shape observable for Ess] in 
both word positions is either that it takes the pattern of 
a regular domed curve, or that the traces begin with a 
slight gradual ascending movement which, when it reaches 
its farthest end, goes down abruptly indicating the termina- 
tion of the geminate Css] and the initiation of the follow- 
ing vowel sound. The other less common noticeable shape is 
that the oral pressure traces take the reverse pattern when 
the highest part of the dome comes at the beginning and 
then the traces take a gradual descending movement where 
it suddenly ends with a sharp downward movement indicating 
the end of [ss] and the beginning of the following vowel 
sound. This is seen when Css] occurs both word-initially 
and word-medially. 
-390- 
Table (6.4) 
Peak Po (in cm H2O) for 
[si and [ss] used word- 
initially. 
Tokens Cs] Css] 
1 13.4 10.9 
2 14.2 13.9 
3 13.1 16.7 
4 14.7 16.4 
5 15.6 16.1 
6 14.5 15.6 
7 15.3 16.7 
8 14.7 16.4 
9 15.3 16.1 
10 14.2 15.9 
Mean 14.5 15.5 
S. D. 0.8 1.8 
U 18.5 
P 0.0170 
Table (6.5) 
Peak Po (in cm H20) for 
[s] and Css] used word- 
medially. 
Tokens [s] Ess] 
1 13.9 14.2 
2 14.7 13.9 
3 14.2 15.0 
4 15.3 14.5 
5 14.2 15.9 
6 14.2 15.3 
7 15.6 15.9 
8 14.5 15.6 
9 14.7 15.6 
10 13.6 13.9 
Mean 14.5 15.0 
S. D. 0.6 0.8 
U 32.5 
P 0.1822 
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Table (6.6) 
Peak Po (in cm H20) for 
[d] and Edd] used word- 
initially. 
Tokens [d] Cdd] 
1 11.1 14.5 
2 9.2 13.6 
3 10.3 12.5 
4 11.7 13.9 
5 9.5 13.6 
6 11.7 13.6 
7 11.1 14.2 
8 12.0 15.0 
9 11.1 13.9 
10 11.1 15.6 
an 10.9 14.0 
S. D. 0.9 0.9 
U 0 
p 0.0001 
** 
Table (6.7) 
Peak Po (in cm H2O) for 
[d] and Cdd] used word- 
medially. 
Tokens Ed] Edd] 
1 11.4 13.9 
2 11.1 12.0 
3 9.7 12.0 
4 11.4 13.1 
5 10.6 12.2 
6 10.6 13.6 
7 11.1 13.9 
8 11.4 14.2 
9 12.0 13.4 
10 11.4 13.4 
an 11.1 13.2 
S. D. 0.6 0.8 
U1 
** 
p 0.0002 
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Table (6.8) 
Uo (in cm3/sec) at Ac min. 
for Cs] in /sabit/ and 
Iss] in /ssabit/. 
Tokens Cs] Cssi 
1 424.2 363.6 
2 424.2 363.6 
3 272.7 272.7 
4 393.9 363.6 
5 363.6 303.0 
6 424.2 303.0 
7 484.8 363.6 
8 424.2 333.3 
9 424.2 303.0 
10 545.5 393.9 
Mean 418.2 336.3 
S. D. 71.2 39.0 
U 13 
** 
p 0.0044 
Table (6.9) 
Uo (in cm3/sec) at Ac min. 
for [s] in /hasan/ and 
Ess] in /ltassan/. 
Tokens Cs] Iss] 
1 363.6 303.0 
2 333.3 303.0 
3 363.6 272.7 
4 393.9 212.1 
5 393.9 272.7 
6 363.6 272.7 
7 363.6 333.3 
8 454.5 272.7 
9 393.9 303.0 
10 454.5 363.6 
an 387.8 290.9 
S. D. 39.9 40.9 
U 3.5 
** 
p 0.0004 
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Table (6.10) 
Po (in cm H20) at Ac min. 
for [s] in /sabit/ and 
Iss] in /ssabit/. 
Tokens [s] [ss] 
1 13.3 10.6 
2 14.2 13.9 
3 13.3 16.7 
4 14.7 16.1 
5 15.6 15.8 
6 14.5 15.3 
7 15.0 16.1 
8 14.7 16.1 
9 15.3 16.1 
10 14.2 15.8 
Mean 14.5 15.3 
S. D. 0.8 0.8 
U 19.5 
p 0.0204 
Table (6.11) 
Po (in cm H20) at Ac min. 
for [s] in /hasan/ and 
Ess] in /hassan/. 
Tokens Cs] Iss] 
1 13.9 14.2 
2 14.7 13.9 
3 14.2 14.7 
4 15.0 14.4 
5 14.2 15.6 
6 14.2 15.3 
7 15.3 15.8 
8 14.4 15.6 
9 14.7 15.6 
10 13.6 13.9 
an 14.4 14.9 
S. D. 0.5 0.8 
U 31.5 
p 0.1582 
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Table (6.12) 
Uo (in cm3/sec) at Ac min. 
for Cs] in /sabit/ and in 
/bas an/. 
Tokens /sabot/ an/ 
1 424.2 363.6 
2 424.2 333.3 
3 272.7 363.6 
4 393.9 393.9 
5 363.6 393.9 
6 424.2 363.6 
7 484.8 363.6 
8 424.2 454.5 
9 424.2 393.9 
10 545.5 454.5 
Mean 418.2 387.8 
S. D. 71.2 39.9 
U 30.5 
p 0.1328 
Table (6.13) 
Uo (in cm3/sec) at Ac min. 
for Iss] in /ssabit/ and 
in /hassan/. 
Tokens /ssabit/ /F=assail/ 
1 363.6 303.0 
2 363.6 303.0 
3 272.7 272.7 
4 363.6 212.1 
5 303.0 272.7 
6 303.0 272.7 
7 363.6 333.3 
8 333.3 272.7 
9 303.0 303.0 
10 393.9 363.7 
Mean 336.3 290.9 
S. D. 39.0 40.9 
U 21 
p 0.0240 
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Table (6.14) 
Po (in cm H2O) at Ac min. 
for Es] in /sabit/ and in 
/hasan/. 
Tokens /sabit/ /kasarV 
1 13.3 13.9 
2 14.2 14.7 
3 13.3 14.2 
4 14.7 15.0 
5 15.6 14.2 
6 14.5 14.2 
7 15.0 15.3 
8 14.7 14.4' 
9 15.3 14.7 
10 14.2 13.6 
Mean 14.5 14.4 
S. D. 0.8 0.5 
U 45 
p 0.7019 
Table (6.15) 
Po (in cm H20) at Ac min. 
for Css] in /ssabit/ and 
in /hassan/. 
Tokens /ssabit/ /hassan/ 
1 10.6 14.2 
2 13.9 13.9 
3 16.7 14.7 
4 16.1 14.4 
5 15.8 15.6 
6 15.3 15.3 
7 16.1 15.8 
8 16.1 15.6 
9 16.1 15.6 
10 15.8 13.9 
Mean 15.3 14.9 
S. D. 1.8 0.8 
U 24.5 
p 0.0518 
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Table (6.16) 
AG min. (kU / 'P) in cm2 
for Cs] in /sabit/ and 
Iss] in /ssabit/. 
Table (6.17) 
Ac min. (kU / oT) in cm2 
for [s] in /hasan/ and 
Css] in /hassan/. 
Tokens Cs] Ess] 
1 0.088 0.085 
2 0.086 0.074 
3 0.057 0.051 
4 0.078 0.069 
5 0.070 0.058 
6 0.085 0.059 
7 0.095 0.069 
8 0.084 0.063 
9 0.082 0.057 
10 0.110 0.075 
Mean 0.084 0.066 
S. D. 0.014 0.010 
U 15 
P ** 0.0081 
Tokens Cs] Ess] 
1 0.074 0.061 
2 0.066 0.062 
3 0.073 0.054 
4 0.077 0.042 
5 0.079 0.052 
6 0.073 0.053 
7 0.071 0.064 
8 0.091 0.052 
9 0.078 0.058 
10 0.094 0.074 
mean 0.078 0.057 
S. D. 0.009 0.009 
U 4.5 
** 
p 0.0006 
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Table (6.18) 
Ac min. (kU /e) in cm2 
for [s] in /sabit/ and 
in /hasan/. 
Zbkens /sabit/ /hasan/ 
1 0.088 0.074 
2 0.086 0.066 
3 0.057 0.073 
4 0.078 0.077 
5 0.070 0.079 
6 0.085 0.073 
7 0.095 0.071 
8 0.084 0.091 
9 0.082 0.078 
10 0.110 0.094 
Mean 0.084 0.078 
S. D. 0.015 0.009 
U 36 
p 0.2694 
Table (6.19) 
Ac min. (kU / VA-P) in cm2 
for [ss] in /ssabit/ and 
in /hassan/. 
Zb}: ens /ssabit/ /hassan/ 
1 0.085 0.061 
2 0.074 0.062 
3 0.051 0.054 
4 0.069 0.042 
5 0.058 0.052 
6 0.059 0.053 
7 0.069 0.064 
8 0.063 0.052 
9 0.057 0.058 
10 0.075 0.074 
Mean 0.066 0.057 
S. D. 0.010 0.009 
U 38 
p 0.3367 
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Table (6.20) 
Articulatory duration (T2) 
in msec, of the supra- 
glottal constriction for 
Cs] and [ss] used word- 
initially. 
Tokens Is] Ess] 
1 100 215 
2 80 200 
3 80 170 
4 80 180 
5 70 170 
6 80 170 
7 80 165 
8 80 180 
9 80 170 
10 80 195 
Mean 80 180 
S. D. 7.9 16.5 
U0 
** 
p 0.0001 
Table (6.21) 
Articulatory duration (T2) 
in msec, of the supra- 
glottal constriction for 
Cs] and Css7 used word- 
medially. 
Tckens Cs] Iss] 
1 60 180 
2 60 185 
3 45 170 
4 55 140 
5 55 130 
6 55 195 
7 55 130 
8 55 130 
9 45 165 
10 55 130 
an 55 155 
S. D. 5.2 26.2 
U0 
** 
p 0.0001 
N. B. The numbers in the above tables are rounded up to the 
nearest 5 ursec because the differences between the two 
sets are very clear-cut. 
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Table (6.22) 
Articulatory duration (T2), 
in ursec, of the supraglottal 
constriction for Cd] and 
Cdd] used word-initially. 
Tokens [d] Cdd] 
1 70 210 
2 40 195 
3 50 170 
4 50 170 
5 50 155 
6 50 165 
7 30 165 
8 50 155 
9 50 130 
10 50 200 
Mean 50 170 
S. D. 10.0 24.1 
U0 
** 
p 0.0001 
Table (6.23) 
Articulatory duration (T2), 
in msec, of the supraglottal 
constriction for Ed] and 
Cdd] used word-medially. 
Tokens [dl Cddl 
1 60 185 
2 55 195 
3 45 170 
4 55 210 
5 40 170 
6 45 170 
7 45 180 
8 45 185 
9 40 155 
10 45 165 
Mean 50 180 
S. D. 6.8 16.0 
U0 
** 
p 0.0001 
N. B. The numbers in the above tables are rounded up to the 
nearest 5 ursec because the differences between the 
two sets are very clear-cut. 
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Table (6.24) 
Articulatory timing (T1), 
in msec, between Ac min. 
of [h] and the initiation 
of [s] in /hasan/ and of 
[ss] in /hassan/. 
Tokens /hasan/ /f assan/ 
1 108.5 124.0 
2 100.8 124.0 
3 108.5 108.5 
4 108.5 108.5 
5 100.8 124.0 
6 93.0 116.3 
7 100.8 116.3 
8 93.0 124.0 
9 108.5 131.8 
10 93.0 116.3 
Mean 101.5 119.4 
S. D. 6.8 7.5 
U4 
** 
p 0.0004 
Table (6.25) 
Articulatory timing (T3), 
in msec, between Ac min. 
of Ch] and the termination 
of [s] in /hasan/ and of 
[ss] in /hassan/. 
Tokens /hasan/ /hassan/ 
1 168.5 304.0 
2 160.8 309.0 
3 153.5 278.5 
4 163.5 248.5 
5 155.8 254.0 
6 148.0 311.3 
7 155.8 246.3 
8 148.0 254.0 
9 153.5 296.8 
10 148.0 246.3 
Mean 155.5 274.9 
S. D. 7.0 28.0 
U0 
** 
p 0.0001 
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Table (6.26) 
Aritculatory timing (T4), in 
msec, between Ac min. of [h] 
and Ac min. of [s] and Css] 
in /hasan/ and /hassan/, 
respectively. 
Tokens /hasan/ /fiassan/ 
1 139.5 232.6 
2 139.5 255.8 
3 139.5 224.8 
4 131.8 209.3 
5 131.8 217.1 
6 124.0 217.1 
7 131.8 217.1 
8 124.0 209.3 
9 131.8 224.8 
10 124.0 217.1 
Mean 131.8 222.5 
S. D. 6.3 13.7 
U0 
** 
p 0.0001 
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Table (6.27) 
Articulatory timing (T1), 
in msec, between occlusion 
offset of [b] and occlusion 
onset of Cd] in /badal/ and 
Cdd] in /baddal/. 
Zbkens /badal/ /baddal/ 
1 85.3 77.5 
2 77.5 77.5 
3 85.3 85.3 
4 85.3 77.5 
5 77.5 77.5 
6 77.5 77.5 
7 85.3 77.5 
8 85.3 85.3 
9 77.5 85.3 
10 77.5 85.3 
Mean 81.4 80.6 
S. D. 4.1 4.0 
U 45 
p 0.6613 
Table (6.28) 
Articulatory timing (T3), 
in msec, between occlusion 
offset of [b] and occlusion 
offset of [d] and [dd] in 
/badal/ and /baddal/, 
respectively. 
Tokens /badal/ /baddal/ 
1 145.3 262.5 
2 132.5 272.5 
3 130.3 255.3 
4 140.3 287.5 
5 117.5 247.5 
6 122.5 247.5 
7 130.3 257.5 
8 130.3 270.3 
9 117.5 240.3 
10 122.5 250.3 
Mean 128.9 259.1 
S. D. 9.2 14.3 
U0 
** 
p 0.0001 
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Table (6.29) 
Acoustic duration (t2), in 
ursec, for [s] and Ess] 
used word-initially. 
Tokens [s] Ess] 
Table (6.30) 
Acoustic duration (t2), in 
msec, for [s] and Ess] 
used word-medially. 
Tokens Cs] Css] 
1 131.8 248.1 1 108.5 232.6 
2 124.0 217.1 2 104.7 217.1 
3 112.4 209.3 3 100.8 170.5 
4 100.8 193.8 4 100.8 182.2 
5 108.5 186.0 5 100.8 174.4 
6 115.0 201.6 6 96.9 220.9 
7 116.3 178.3 7 96.9 174.4 
8 108.5 197.7 8 85.3 178.3 
9 116.3 193.8 9 93.0 201.6 
10 116.3 209.3 10 85.3 158.9 
Mean 115.0 203.5 
S. D. 8.6 19.5 
U0 
** 
p 0.0002 
Mean 97.3 191.1 
S. D. 7.6 25.1 
U0 
** 
p 0.0002 
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Table (6.31) 
Acoustic duration (t2), in 
msec, for [d] and [dd] 
used word-initially. 
Taken [dl [dd] 
1 62.0 201.6 
2 31.0 182.2 
3 31.0 162.8 
4 34.9 155.0 
5 31.0 139.5 
6 38.8 147.3 
7 31.0 155.0 
8 46.5 151.2 
9 38.8 124.0 
10 46.5 186.0 
Mean 39.2 160.5 
S. D. 10.1 23.4 
U 0 
** 
p 0.0001 
Table (6.32) 
Acoustic duration (t2), in 
msec, for Ed] and Cdd] 
used word-medially. 
Tokens Cd] Cdd] 
1 46.5 178.3 
2 46.5 155.0 
3 38.8 162.8 
4 46.5 201.6 
5 34.9 162.8 
6 46.5 162.8 
7 38.8 166.7 
8 34.9 182.2 
9 34.9 151.2 
10 34.9 162.8 
Mean 40.3 168.6 
S. D. 5.5 14.9 
U0 
** 
p 0.0001 
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Table (6.33) 
Acoustic timing (tl), in 
msec, between the 
termination of Ch] and 
the initiation of [s] 
and Ess] in /hasan/ and 
/hassan/, respectively. 
Tokens /Hasan/ /hassan/ 
1 62.0 62.0 
2 54.3 69.8 
3 54.3 62.0 
4 58.1 58.1 
5 54.3 62.0 
6 62.0 54.3 
7 62.0 62.0 
8 62.0 69.8 
9 54.3 54.3 
10 54.3 50.4 
an 57.8 60.5 
S. D. 3.8 6.4 
U 37.5 
p 0.3174 
Table (6.34) 
Acoustic timing (t1), in 
msec, between the 
termination of [b] and 
the initiation of Ed] 
and Edd] in /badal/ and 
/baddal/, respectively. 
Tokens i /baddal/ 
1 85.3 85.3 
2 77.5 85.3 
3 85.3 81.4 
4 81.4 81.4 
5 81.4 81.4 
6 77.5 77.5 
7 85.3 89.1 
8 89.1 93.0 
9 85.3 93.0 
10 81.4 85.3 
Mean 83.0 85.3 
S. D. 3.7 5.2 
U 38 
p 0.3461 
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Table (6.35) 
Acoustic timing (t3), in 
msec, between the 
termination of Ch] and 
the termination of Cs] 
and Ess] in /hasan/ and 
/hassan/, respectively. 
Tokens /liasan/ /hassan/ 
1 170.5 294.6 
2 159.0 286.9 
3 155.1 232.5 
4 158.9 240.3 
5 155.1 236.4 
6 158.9 275.2 
7 158.9 236.4 
8 147.3 248.1 
9 147.3 255.9 
10 139.6 209.3 
an 155.1 251.6 
S. D. 8.5 26.1 
U0 
** 
p 0.0001 
Table (6.36) 
Acoustic timing (t3), in 
msec, between the 
termination of [b] and 
the termination of [d] 
and Cdd7 in /badal/ and 
/baddal/, respectively. 
Tokens /badal/ /baddal/ 
1 131.8 263.6 
2 124.0 240.3 
3 124.1 244.2 
4 127.9 283.0 
5 116.3 244.2 
6 124.0 240.3 
7 124.1 255.8 
8 124.0 275.2 
9 120.2 244.2 
10 116.3 248.1 
Mean 123.3 253.9 
S. D. 4.8 15.2 
U0 
** 
p 0.0001 
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6.8 Main Experiment 
6.8.1 Introduction and Aims 
It is only over the last two decades or so that 
researchers have began to map out what happens, acousti- 
cally and articulatorily, when a speaker alters his speak- 
ing rate. Research is being increasingly directed towards 
finding acoustic and articulatory invariance across changes 
in rate of speech. Some researchers (e. g. Lehiste, 1972, 
1973; Oller, 1973; Klatt, 1975; Cooper, 1976) have reported 
that the measured duration of a given linguistic segment 
varies as a function of its placement in a larger linguistic 
unit, no matter whether this unit is a sylalble, a word or 
a phrase. For instance, a linguistic segment occurring 
within such a linguistic unit is very often longer in 
duration when it terminates the unit than when it occurs 
in the middle of it. Initial segments in a larger linguistic 
unit have been found to be longer than medial ones; final 
segments are the longest of all. 
Other factors that may affect the duration of a 
segment have also been reported. Fowler (1977), for 
example, reports that these factors are the flexibility in 
rate of speaking that a talker may exploit to fit different 
conversational circumstances, and the different levels of 
stress that are evident in all utterances. On the other 
hand, Gaitenby (1965) and Kent et al. (1974) found that 
both the segment durations measured from the acoustic record 
of an utterance and the extent of articulatory movements 
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decreased proportionately with an increase in rate of 
speech. . "Fowler (op. cit. ) points out that Gaitenby (op. cit. ) 
compared the utterances of fast and slow talkers and 
reported the greatest durational differences between fast 
and slow versions of stressed vowels. She also states that 
"voiced consonants reduced the least with an increase in 
speech rate. " Cp. 231. 
At the same time, studies on vowel sounds-show 
that a reduction in the duration of a vowel is accompanied 
by a concomitant reduction in its spatial coordinates. 
Lindblom (1963), for instance, reports that the articulatory 
movements towards the required shapes of the vocal tract 
for the vowel are increasingly less extensive as speaking 
rate increases. He suggests that this vowel reduction is 
caused by a change in the rate at which commands to the 
articulators are released. He adds that the target value 
of a vowel is invariant over different speaking rates, but 
that it is not reached at a fast speaking rate because the 
command for the next sound is actualized before the target 
value for the vowel is attained. Because vowel reduction 
appeared for changes in both stress and speech rate in 
Lindblom's data, he concluded that reduction and undershoot 
were caused solely by changes in duration, and not the 
suprasegmental features of stress and speaking rate, per se. 
Lindblom's original hypothesis of undershoot was proposed 
to account for changes in both stress and speaking rate. 
That is, his model predicts that undershoot would occur for 
both destressed and faster speech. (Gay and Hirose, 1973). 
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Though researchers (e. g. Kozhevnikov and Chistovich, 
1965; Klatt, 1976) contend that vowels shorten more than 
consonants when speaking rate increases, yet Gaitenby's data 
(op. cit. ) on the production of slow and fast speakers 
illustrate that consonants shorten as well as vowels at fast 
rates of speech. In their investigation, Kozhevnikov and 
Chistovich observed that there is a distinct relation between 
the relative duration of the consonant and vowel in a syllable 
and the speaking rate. They found that a vowel can disappear 
completely with a rapid rate of speech. Their findings 
indicate that variations of speaking rate significantly 
change the relative durations of the consonants and vowels 
within syllables and that, in the case of a rather slow 
speaking rate, the duration of the consonant "practically 
does not change and the prolongation of the syllable occurs 
at the expense of the vowel. " [p. 89]. 
Fitch (1981) designed three experiments to 
investigate temporal differences between intervocalic voiced 
and voiceless plosive consonants, and to pursue the distinc- 
tion between temporal information for voicing and temporal 
information for rate. He claims that these differences can 
be produced by changes in speaking rate as well as by closure 
duration of the segment and the vowel duration preceding 
the closure. His experiments aimed to confirm that both 
closure duration and vowel duration can cue the intervocalic 
phonemic voicing difference between words, such as /dabi/ 
and /dapi/, and that both closure duration and vowel duration 
can cue the rate difference between fast and slow speech. 
-410- 
He states that "a voicing change from [b] to [p] lengthens 
the closure and shortens the vowel; a rate change from fast 
to slow lengthens both. " Cp. l]. It was found that the 
relationship between closure duration and vowel duration 
greatly affected judgments of rate but not those of voicing. 
Fitch also observed that the relationship between the dura- 
tion of the initial consonant transitions and the duration 
of the steady-state vowel nucleus was perceptually salient, 
and might serve to distinguish' information for voicing from 
information for rate. 
On the other hand, electromyographic data on stop- 
vowel sequences for five muscles associated with lip, tongue 
and jaw movements presented by Tuller et al. (1981a, 1981b) 
indicated that some consonant-related activity and some 
vowel-related activity showed fixed relative timing, 
preserved across a change in rate and syllable stress. Tuller 
et al. (1981a) explored the temporal relations among 
electromyographic measures of articulatory events, and the 
pattern of changes in individual muscle actions as a function 
of syllable stress and speaking rate. Their results 
indicated that "large variations were found in the magnitude 
and duration of activity in each muscle; variations accompany- 
ing speaking rate change were not equivalent to the variations 
accompanying a change in stress. " [p. 33]. These results did 
not support the notion that acoustic shortening, which 
accompanied both decreases in syllable stress and increases 
in speaking rate in their experiments, was the product of a 
single style of articulatory change. Tuller et al. (1981b) 
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continued their earlier work and designed an experiment to 
explore the possibility that relative timing of articulatory 
events is preserved over suprasegmental change. Electro- 
myographic recordings from lip, tongue and jaw muscles were 
obtained during production of utterances whose phonetic 
structure allowed intersegmental timing relationships to be 
examined over more than two phonetic segments. Their findings 
show that the preservation of relative timing of muscle 
activity over metrical change is characteristic of the 
temporal organization of speech. On these findings, Scully 
(1983) comments, and states that "this pattern of muscle 
forces could perhaps result in local invariance of inter- 
articulator co-ordination. " [p. 11). Fujimura (1983) has 
recently found that, in the case of stop-vowel sequences, 
the relatively invariant 'iceberg pattern' of articulation 
is expected to control crucial formant transitions for 
consonant and vowel identification. 
Further, investigations into the production of 
syllable-initial consonants at different rates of articula- 
tion have revealed changes in the speed with which the 
relevant gestures are made and also in the resulting acoustic 
transitions (Gay, 1978; Gay and Hirose, 1973; Gay et al., 
1974; Soli, 1982). If one takes into account that changes 
in the duration of a transition occur with changes in rate, 
one should expect that the listener would make the approp- 
riate normalization when using transition duration to cue 
a phonetic distinction. (Miller and Liberman, 1979). For 
instance, Gay (ibid. ) has reported that the initial transitions 
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for [b], in intervocalic position, are somewhat longer at 
slower speech rates. Soli (op. cit. ), similarly, has shown 
that the initial transitions for the semi-vowel [j], in 
syllable-initial position, lengthen considerably as speech 
is slowed and the syllable becomes longer. 
Besides, results of electromyographic studies on 
the effects of speaking rate on labial consonants provide 
some interesting support for the acoustic stability of the 
stop-glide contrast. Mack and Blumstein (1983) remark that 
these studies have shown that speaking rate affects the 
production of stops and glides in a similar manner. That-is, 
the targets for lip opening and closing are essentially the 
same across different rates of speech. They also state 
that "the characterizing differences in electromyographic 
patterns of labial stops and glides are maintained even as 
their production rate changes. So the stability of articula- 
tory measures suggests that there may be a consequent 
acoustic invariance differentiating stops from glides. " 
[p. 1749]. 
In a series of experiments carried out by Gay and 
his co-workers (e. g. Gay, 1968; Gay, 1978; Gay, 1981a, 1981b; 
Gay and Hirose, 1973; Gay et al., 1974; Gay and Ushijima, 
1975) it was shown that the motor patterns underlying 
articulatory movements for fast speech were not only different 
than those during slow speech, but were also reorganized in 
complex ways. For example, it was documented that electro- 
myographic activity associated with tongue body movements 
during vowel production generally decreased during fast speech; 
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whereas activity associated with both labial and alveolar 
plosive consonant production increased with an increase in 
speaking rate. Gay and Hirose (op. cit. ) reported that the 
major finding of their investigation indicated that an 
increase in speaking rate was accompanied by both an 
increase in the activity level of the muscle as well as an 
increase in the rate of movement of the lips. These 
differences in muscle activity levels denote that the control 
of speaking rate requires more than just a simple adjustment 
of the timing of motor commands, and that although changes 
in the timing of commands to the muscles do occur, the 
production of labial consonants during faster speech is 
characterized primarily by an increase in articulatory 
effort. Furthermore, Gay and Ushijima (op. cit. ) stated that 
for lip movement associated with either labial consonant 
production or vowel rounding, and for tongue tip movement 
associated with lingual consonant production, an increase 
in speaking rate was accompanied by an increase in the 
activity level of the muscle. On the other hand, for tongue 
movement during vowel production, an increase in speaking 
rate had the opposite effect. These electromyographic data 
were found to be inconsistent with the acoustic data 
documented by Gay (1978) who reported that differences in 
vowel duration due to changes in speaking rate did not seem 
to have a substantial effect on the attainment of acoustic 
vowel targets. He also added that the formant frequencies 
of these presumed targets remained essentially unchanged 
across changes in speaking rate. 
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Kelly et al. (1962) presented acoustic evidence 
that the slopes of F2 transitions might be characteristic 
of particular demisyllables used in sentences spoken at 
two different tempi by four English native speakers. Their 
work concentrated on F2 in sequences of labial consonant 
plus vowel partly because they believed that this combination 
frequently shows a good deal of movement, and partly because 
they were interested in the transitional differences visually 
associated with the [b] - [w] distinction. Despite the 
dearth of evidence for F2 transitions for [b] and the 
limitation of their test items, their findings indicated 
that, for a given vowel following [w], the rate of F2 trans- 
itions remained unchanging at different speaking rates. 
The evidence was not clear on the rate of [b] transitions 
at different tempi. It was also found that [b] and [w] 
followed by the same vowel had identical F2 transition rates 
and differed only in onset position. In a subsequent 
investigation, Miller and Liberman (op. cit. ) showed that 
the duration of the initial formant transition sufficient 
to differentiate perceptually the plosive consonant [b] 
from the semivowel Cw] was not absolute. They found that 
as the overall syllable duration was lengthened, an increas- 
ingly relatively longer transition was required to perceive 
/wa/, as opposed to /ba/. They interpreted this effect as 
an adjustment for variations in speech rate and contended 
that the effect of transition duration as a cue for the 
[b] - [w] distinction is influenced by the duration and 
structure of the syllable containing the cue as well as by 
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the duration of a following syllable. In their opinion 
"this after-going effect reflects an adjustment by the 
listener to the articulatory rate of the speaker: the 
duration and structure of the syllable provide information 
about rate, and the listener uses this information when 
making a phonetic judgment of [b] vs. Cw]. " [p. 464]. 
Therefore, as overall syllable duration increased, due to 
a decrease in speaking rate, the transition duration that 
distinguished [b] and [w] increased. 
In a more recent investigation, Miller and Baer 
(1983) have examined the way in which the transition 
durations of [b] and [w] change as a function of speaking 
rate. They found that, at any given rate of speech, the 
/wa/ transitions were longer than the /ba/ transitions, and 
that the magnitude of the difference between average /ba/ 
and /wa/ transition durations increased with decrease in 
speech rate. There was a considerable increase in the 
initial transition duration of /wa/; while there was little 
change in the initial transition duration of /ba/. Miller 
and Baer remarked that their findings were in agreement 
with those reported by Miller and Liberman (op. cit. ) in that 
when listeners identify /ba/ and /wa/ on the basis of 
transition duration, they do so in relation to the duration 
of the syllable. They concluded that "there is a close 
correspondence between the way in which alterations in 
speaking rate affect the durations of transition for [b] 
and [w] and the way in which listeners use this acoustic 
property to distinguish the two segments across a range of 
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speaking rates. " Cp. 17541. These findings, Mack and 
Blumstein (op. cit. ) comment, suggest that absolute duration 
cannot provide an invariant cue to the stop-glide contrast 
and, more importantly, that this contrast seems to be 
context-dependent, i. e. dependent on syllable duration and 
thus presumably on the subject's speaking rate. 
Following earlier investigations (e. g. Blumstein 
and Stevens, 1979,1981; Stevens and Blumstein, 1978,1981), 
Mack and Blumstein (op. cit. ) conducted a comparative acoustic 
analysis to identify an invariant acoustic property which 
could distinguish the plosive [b] and the semi-vowel Cw] 
in five vowel contexts by two speakers. Their results showed 
that transition durations and formant frequencies often 
differ considerably in these two types of consonants. 
According to them, such differences might suggest that 
either a frequency or duration measure contributes to an 
invariant property for distinguishing stops and glides. 
This fact brought them to the conclusion that it was 
impossible to extract an invariant property for distinguish- 
ing between these two types of sounds merely on the basis 
of duration or frequency measures. It was also found that 
the relative amplitude change was systematically larger in 
the vicinity of the [b] release than of the [w] release 
across vowel contexts and speakers. These findings made 
Scully (op. cit. ) comment that "If the reliability of the 
contrast is preserved across rate changes, then this could 
be, as they suggest, an invariant property characterising 
stop-glide (or approximant) contrasts. " Cp. ll', '. 
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After this brief review of the most relevant works 
that dealt with speech rate and its effect on the production 
and perception of speech sounds, it is worth stating that 
the aim of the present experiment1 was to go a step beyond 
our pilot experiment to examine the aerodynamic, articulatory 
and acoustic aspects of speech production while saying single 
and geminate consonants in I. C. Arabic. It was hoped that 
this experiment would: 
1. discover the aerodynamic, articulatory and acoustic 
invariances across changes in rate of speech; 
2. discover the differences and similarities in speech 
among native speakers of one and the same dialect; and 
3. examine the differences and similarities that might 
arise between utterances spoken with slow (i. e. 
normal) speaking rate and the same utterances spoken 
with a faster speaking rate. 
6.9 Experimental Procedure 
6.9.1 Selection of Stimuli and Recording Technique 
The stimulus items selected for the present main 
experiment were the same as those referred to in our previous 
experiments, see section 3.2.1. The chosen words were used 
in the same constructed carrier sentence, viz. /'leitbi 'sit 
mar'raat/, thus retaining the same accentual pattern. 
A list comprising 48 items, 6 tokens for each word, 
was first recorded by the experimenter in the recording 
studio of the Phonetics Laboratory. The 48 items were spoken 
1. Also see section 6.12.1. 
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with two different tempi. They were first uttered with a 
slow' tempo and then with a faster tempo, and therefore 
making a total of 96 items. There were six runs in all; 
three runs spoken with a slow speaking rate and the other 
three with a faster rate. Each run contained sixteen items. 
At the beginning of each run the dummy carrier sentence 
/'leitbi ki'taab 'sit max'raat/ was pronounced. The dummy 
sentence was excluded when segmentation and measurements 
were made later. 
Using a computer program, called OKPROMPT, the 
recorded items were randomized anew in each of the six runs 
with the help of a micro-computer (type Commodore, PET 2001 
series) which was placed in front of the experimenter inside 
the recording studio while the recordings were performed. 
It was the computer program that helped the experimenter 
to select the appropriate period of time for the recorded 
items to be displayed as well as the blank time value needed 
between the appearance of one item and the next on the 
computer screen. After several initial attempts, it was 
then found that in the case of the slow speaking rate it was 
convenient to have 1.5 sec as 'the time value for screen 
display' and 2 sec as 'the blank time value between items'; 
whereas in the case of the faster speech rate it was found 
that 1 sec and 1.75 sec were convenient as 'the time value 
for screen display' and as 'the blank time value between 
items', respectively. 
1. By 'slow' we mean 'normal'. 'Slow' is used here as 
opposed to 'fast'. 
-419- 
The stimulus items were recorded on high quality 
Ampex tape by means of a stereo tape-recorder (type Revox 
A77). The tape recording speed was 7/"/sec, and the 
microphone used was the AKG (type D202 El). The distance 
from the speaker to the microphone was 13". In order to 
amplify the signal that goes from the microphone to the 
tape-recorder, a microphone mixer (type Shure Professional) 
was employed. The gain of the microphone mixer was set at 3. 
It was not necessary to repeat the same recording 
procedure while making the studio recording for the other 
subject. The recorded stimuli, spoken by the experimenter, 
were played back on the Revox A77 tape-recorder and were 
fed into the ears of the second subject via very high 
quality Electrostatic Headphones (type Koss/ESP6A). By 
employing this technique, it was hoped that the second 
subject would retain the same speaking rates and the same 
accentual patterns already used by the experimenter. Having 
identical recording conditions would perhaps minimize the 
interference of extraneous variables and, therefore, make 
the final results of the two subjects comparable. 
The items spoken by the second subject were also 
recorded on an Ampex tape using the Revox A77 tape-recorder. 
The speed of the tape was 7'/"/sec. The same AKG microphone 
(type D202E1) was employed. The distance from the speaker 
to the microphone was 10", and the gain of the microphone 
mixer was set at 4. 
The tape recordings were later used as playbacks 
while conducting the main experiment by the two subjects in 
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the Phonetics Laboratory. Fig. 6.10 illustrates the 
instrumentation used for the studio recordings in this 
experiment. 
6.9.2 Subjects 
The author of the present study (subject GG) and 
another male post-graduate student (subject AM) acted as 
two subjects in this experiment. They are both native 
speakers of I. C. Arabic with a clear prevailing accent of 
Basrah dialect. 1 
Subject AM was about 31 years old. He had spent 
most of his previous life in the city of Basrah and he had 
been educated there. He got his first university degree 
in English from the University of Basrah where he was later 
appointed as a research assistant. In 1979, he came to 
Leeds where he joined the Department of Linguistics and 
Phonetics to get a higher degree in Linguistics. 
In regard to experimental phonetics, subject AM 
was a complete novice. He had had no opportunity to 
participate in an experiment, such as the present one, before. 
6.9.3 Instrumental Set-Up 
6.9.3.1 Airflow 
The same rubber facemask exploited in our pilot 
experiment was used by subject GG in the present investigation. 
1. For further information about the linguistic background 
of subject GG, see section 3.2.2. 
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The mask also fitted well on the face of subject AM. For 
each subject a preliminary checking had been made before 
starting the main experiment by breathing in and out first 
through the nose and then through the mouth to make sure 
that there was no escape of air through the rigid rubber 
flange that separates the nose division from the mouth 
division inside the mask. For both subjects the nasal air- 
flow traces and the oral airflow traces were graphically 
recorded on Channels 1 and 2 of the mingograph, respectively. 
Calibration of the oral airflow traces was accomplished by 
using a rotameter. The airflow values are in cm3/sec. 
6.9.3.2 Oral Pressure 
For the purpose of obtaining oral pressure traces, 
two different methods were used by the subjects. While it 
was convenient for subject GG to continue using the soft 
polyethylene tube (type Franklin's oesophageal tube, size 
8 ch-257) inserted through his nose down to the pharynx, 
subject AM found it rather inconvenient and irritating to 
insert a similar tube, or even one of a smaller size, through 
his nose. He made several attempts to carry out the experi- 
ment with the tube through his nose but he was unsuccessful. 
Accordingly, the soft tube was replaced by a more solid and 
slightly larger one (type WSP 6228, oesophageal stomach 
tube, 1OFG K64). The tube was first heated in boiling water 
and then bent to fit along the maxillary dental arch, around 
the last molar and into the posterior midline of the oral 
cavity. It is assumed that in this position it is least 
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likely to give spurious pressure readings (Hardy, 1965; 
Scully, 1971). The compressed air behind the constriction 
was transmitted via the sensing polyethylene tube to a 
Gaeltec pressure transducer (type 3CT, + 10 cm H2O) through 
the open end inside the mouth. 
At the beginning, subject AM experienced some 
difficulty in placing the pressure tube in the right position 
when he first inserted it into his mouth. After some un- 
successful attempts, he then managed to put the tube in its 
proper position where satisfactory results were obtained. 
The experiment was then conducted. The tube had to be cleared 
every two runs lest the accumulated saliva and mucus should 
block it. The oral pressure traces of each subject were 
displayed on channel 3 of the mingograph. Calibration of 
the oral pressure traces was made in cm H2O against a U-tube 
water manometer. 
6.9.3.3 Area 
For measuring the timing of the minimum constriction 
area formed by the tip or blade of the tongue and the alveolar 
region of the palate in the production of the two fricatives 
Cs] and Ess], the same aerodynamic method reported in our 
pilot experiment was employed, see section 6.3.3.3. 
6.9.3.4 Intensity Level 
The acoustic data for the same stimuli were simul- 
taneously obtained by using an intensity meter (F-J Electron- 
ics). Two types of intensity level traces were recorded; low 
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pass filtered at 500 Hz (linear scale) and high pass 
filtered at 3.9 kHz (log scale). Mingograph traces of the 
high pass filter were obtained by linking the intensity 
meter to a high pass 3.9 kHz audio-frequency filter (type 
JSRUR 1) which received and sent signals from and to the 
intensity meter which, in turn, sent the signals to the 
mingograph. For the low pass filter the intensity meter 
was set at 12 dB for subject GG and at 24 dB for subject AM. 
For the high pass filter it was set at 28 dB for both 
subjects. 
A miniature microphone (type Knowles Electret) was 
mounted on the facemask inside the mouth space. The signal 
from this microphone was fed into the Revox A77 tape-recorder 
used with an Ampex tape (type 1200). The output signal 
from the tape-recorder was fed into the intensity meter, 
with the tape-recorder played at a speed of 7/"/sec. The 
recording was made on two channels. The input to channel 
1 was set at 1; for subject GG and at 1- for subject AM; 
whereas the input to channel 2 was set at 5 for the two 
subjects. The output was stereo set at 7; for subject GG 
and at 534- for subject AM. 
The low pass intensity level traces filtered at 
500 Hz and the high pass intensity level traces filtered at 
3.9 kHz were graphically recorded on channels 5 and 6 of 
the mingograph, respectively. 
6.9.3.5 Oscillogram 
Ordinary oscillograms of the whole set of material 
used in this experiment were obtained by attaching a small 
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Fig. (6.11) 
Description 
A Flowhead for nose airflow (Mercury). 
A' Flowhead for mouth airflow (Mercury). 
B Pressure transducer for nose flowhead (Gaeltec). 
B' Pressure transducer for mouth flowhead (Gaeltec). 
C Pressure transducer for pressure tubes (Gaeltec). 
D Stereo tape-recorder (Revox A77). 
E Control unit for airflow (Gaeltec). 
F Control unit for oral pressure (Gaeitec). 
G Intensity meter (F-J Electronics). 
H High pass 3.9 kHz audio-frequency filter (JSRUR 1). 
I Aerodynamic speech analyzer (Richard Caley). 
J Attenuator (A64, Advance) 
K Mingograph (Mingograf No. 803/Siemens Elema). 
Mingograph Traces: 
Ch. O Timer. 
Ch. l Volume flow rate of air through the nose, gain set 
at 7; for both subjects. 
Ch. 2 Volume flow rate of air through the mouth, gain 
set at 5 for GG and at 6 for AM. 
Ch. 3 Oral pressure with air in front of the mouth as 
reference, gain set at 4/ for GG and at 6 for AM. 
Ch. 4 'Area' of oral constriction derived from oral air- 
flow and oral pressure, gain set at 6 for GG and 
at 3 for AM. 
Ch. 5 Intensity level trace low pass filtered at 500 Hz 
(linear scale), gain set at 2 for GG and at 5; 
for AM. 
Ch. 6 Intensity level trace high pass filtered at 3.9 kHz 
(log scale), gain set at 7 for GG and at 7; for AM. 
Ch. 7 Ordinary oscillogram, gain set at 7/ for GG and at 
6 for AN. 
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microphone to the subject's neck, close to his larynx. 
The signal from the microphone was fed into the Revox A77 
tape-recorder. In order to reduce the strength of the 
signal that went to the mingograph, the tape-recorder was 
linked to an attenuator (type Step A64, Advance) which, in 
turn, sent the signal to the mingograph. Oscillograms were 
displayed on channel 7 of the mingograph for both subjects. 
Fig. 6.11 shows the complete instrumentation 
employed in the main experiment to investigate the aero- 
dynamics of geminate consonants in I. C. Arabic. 
6.10 Segmentation and Measurements Criteria 
By and large, the criteria employed in this experi- 
ment for segmenting and measuring the investigated stimuli 
were the same as those used in our pilot experiment on the 
aerodynamic and articulatory activities of the vocal tract 
during speech production. Articulatory durations (in msec) 
were similarly based on establishing points of time on the 
'area' trace representing two events corresponding to the 
initiation and termination of the articulatory occlusion of 
the two fricatives Cs] and CssJ, and of the two plosives [d] 
and [dd] occurring word-initially and word-medially, see 
sections 6.4.2 and 6.4.3 for full details. Oral pressure 
values were measured (in cm H20) between the baseline and 
the peak points of the oral pressure trace, see section 
6.4.4 for further information. 
One of the main problems encountered in the present 
investigation was in measuring articulatory durations and 
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the relative magnitudes of the minimum values of constric- 
tion area for the geminate Ess]. The 'area' trace as well 
as the oral airflow trace were, sometimes, seen to have 
two dips instead of one dip as usually seen on the two 
traces in the case of the non-geminate [s]. This problem 
was not clearly noticeable in our pilot experiment although 
on a very few occasions similar 'area' traces were observed, 
yet they did not seem to invalidate our segmentation and 
measurements procedures. Such double dips on the oral air- 
flow and 'area' traces were clearly visible in those traces 
obtained by subject AM. The two traces (i. e. the oral air- 
flow and the 'area' traces) were seen to respond in harmony. 
That is, they took identical trace patterns. 
To solve this problem, the lower dip was chosen 
for our present articulatory segmentation and measurements 
criteria whenever the two dips appear on the 'area' trace. 
The plausibility of our choice of that dip was examined 
by following a procedure where two points, a and b, were 
chosen on the 'area' trace, one on each dip, for the geminate 
Iss] pronounced in word-initial and word-medial positions, 
as shown in Fig. 6.12. Oral airflow and oral pressure were 
measured at these two points. Relative magnitudes of con- 
striction area were calculated at the two points, and it 
was found that the lower point, namely point a, yielded the 
smallest value of cross-sectional area of constriction in 
both word positions, see table 6.37. 
At the same time, it was found that this choice 
of the lower dip did not invalidate our procedure in measur- 
ing articulatory duration for fricatives. The arbitrary 
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ba( 
Oral Airflow 
Oral Press 
Oral Area 
4mm 
ss 
Fig. (6.12) Mingogram of the geminate [ss] in /hassan/ 
pronounced by subject AM. a and b are points 
in time on the 'area' trace. 
Table (6.37) 
Calculation of Ac at two dips on the 'area' 
trace. The dips represent two points in time 
of a and b on that trace for the geminate [ss] 
in /hassan/ pronounced by subject AM. The 
results illustrate that point a has the lower 
value of Ac. 
Airflow (Lb) Pressure (Po) kUo 2) 
Item Points (ý3/sec) (art H20) 
AC = 
Po 
( 
a 305.6 12.1 0.067 
Iss] 
b 416.7 13.8 0.085 
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threshold value established at 4 mm above the lower point 
in the dip of the 'area' trace was still operative, and 
always included the other 'area' dip within the articulatory 
duration for the fricatives. 
As before, two types of intensity level traces 
were simultaneously recorded on the mingograph together with 
the other five traces. The low pass trace filtered at 500 Hz 
was displayed on channel 5, and the high pass trace filtered 
at 3.9 kHz was displayed on channel 6. Full details of the 
acoustic traces and the procedures used in our acoustic 
segmentation and measurements are given in sections 3.2.4 
and 6.5.1. 
6.11 Statistical Test Used 
The results of our perception experiments using 
synthetic speech and those of our pilot experiment on the 
aerodynamics and articulation of speech production were 
subjected to the statistical treatment of the Mann-Whitney 
U-test; a non-parametric test which can be used with 
independent-subjects designs. The main reasons behind our 
choice of the Mann-Whitney test for those experiments were 
because the U-test is considered as the most powerful non- 
parametric test for two independent samples which disregards 
the homogeneity of variance and the normality of the shape 
of population distributions from which the random samples 
are drawn. It merely takes account of the rank order of the 
scores and allows the researcher to test the more general 
hypothesis that one set of scores tends to be higher, or 
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lower, than another set. 
The equivalent parametric test to the Mann-Whitney 
U-test is the t-test for independent samples which assumes 
that the population distributions are normal and of the same 
variance. While the non-parametric tests are, to a certain 
extent, free from assumptions, the t-test is usually described 
by statisticians as being extremely robust with respect to 
violation of these assumptions. Robson (1973) states that 
"This means there can be considerable deviation from normality 
and/or homogeneity of variance without the result of the 
t-test being affected. An exception to this is with the 
independent-samples design where there are different numbers 
of scores under the two experimental conditions. " Ep. 721. 
However, one should bear in mind that the non-parametric 
tests do not normally test exactly the same thing as the 
corresponding parametric tests. The t-test, for instance, 
tests for a difference in the means of the populations; 
whereas the corresponding non-parametric test, namely the 
Mann-Whitney U-test, tests whether or not the populations 
are identical. (Robson, op. cit., p. 107). 
In contrast with the parametric tests, the non- , 
parametric tests make very few assumptions about the nature 
of experimental data. Most non-parametric tests assume only 
an ordinal level of measurement. Parametric tests, on the 
other hand, assume that the two samples of data are drawn 
from populations that have normal distributions and equal 
variances, i. e. homogeneity of variance. They also assume 
that the dependent variable has been measured on an interval 
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scale or a ratio scale. 
So far, if it comes to the question of which 
tests to choose; the parametric or the non-parametric tests, 
statisticians claim that parametric tests are generally 
more powerful than the corresponding non-parametric tests. 
Miller (1975), for example, remarks that the power of a 
test is its ability to detect a significant difference 
between two sets of scores, and that parametric tests "make 
use of all the information in the data, whereas the equiv- 
alent non-parametric tests simply take account of the rank 
order of the scores. " [p. 67]. Roscoe (1975) states that 
the Mann-Whitney U-test is a non-parametric alternative to 
the t-test which may be used with ordinal measures or with 
data that deviate from the normal or in the situation where 
heterogeneous variances are encountered. He considers the 
U-test to be almost as powerful as the t-test under common 
research conditions, but it becomes less powerful if many 
tie scores are met. It is especially useful with small 
samples since "violations of the assumptions underlying the 
t-test are most likely to be detrimental and most likely to 
go undetected with small samples. " [p. 230). Siegel (1956), 
on the other hared, contends that for a given research, the 
t-test may be inapplicable for various reasons. He states 
that the researcher may find that "(a) the assumptions of 
the t-test are unrealistic for his data, (b) he prefers to 
avoid making the assumptions and thus to give his conclusions 
greater generality, or (c) his 'scores' may not be truly 
numerical and therefore fail to meet the measurement require- 
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ment of the t-test. " [p. 96]. In instances like these, Siegel 
(loc. cit. ) adds, the researcher may choose to analyze his 
data with one of the non-parametric statistical tests for 
two independent samples. 
Despite all that has been said about parametric 
and non-parametric tests, researchers are advised always to 
use a parametric test when the properties of the data allow 
them to do so, and to settle for the somewhat less powerful 
non-parametric tests if one or more of the requirements of 
the parametric tests is violated. 
In the light of the above facts, the results of 
the main experiment have been subjected to the statistical 
treatment of a 2-tailed t-test for two independent-samples 
design. This is partly because the t-test is a very power- 
ful test that lends itself to a wide variety of research 
problems, and partly because our data represent large samples 
for which the t-test is very effective and, most probably, 
an appropriate choice. It was felt that 6 tokens were 
sufficient to justify use of the t-test. In addition, since 
our data include a variety of independent and dependent 
variables that might interact intricately, and since the 
t-test concerns itself with experiments where the measures 
come from two samples only, the results have been also 
subjected to the statistical treatment of the analysis of 
variance (ANOVA for short) which is considered as one of 
the most general statistical tools as it covers a wide range 
of possible experimental designs. (Meddis, 1973). ANOVA 
provides a statistical procedure that is appropriate for use 
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with two or more samples, and in its simplest form, i. e. 
one-way classification, it is used to test the significance 
of the differences between the means of a number of different 
samples. 
Generally, ANOVA is a technique for dividing the 
variation observed in experimental data into different parts, 
each part assignable to a known source, cause, or factor. 
(Ferguson, 1959). The basic concept underlying the procedure 
of ANOVA is that of consistency of scores within the sample. 
Meddis (op. cit. ) states that "If the sample scores show marked 
fluctuations themselves, then this reduces the significance 
of small differences between the average scores for the two 
samples. " [p. 2]. He also adds that ANOVA has the specific 
purpose of dealing with uncertainty produced by using random 
sampling designs and that it acknowledges the possibility of 
making errors and attempts, in the significance level state- 
ment, to assess just how likely it is that the conclusions 
one has made are indeed in error. Summarizing, there are 
four major assumptions that need to be satisfied in applying 
ANOVA. These assumptions are: independent observations 
within sets, i. e. random assignment, equal variances within 
sets, normal distributions population values within sets, 
and additivity of component contributions to variances. 
1 
With regard to our present data, the tables showing 
the results of ANOVA do not only indicate the p values but 
1. For further information concerning the four major assump- 
tions underlying ANOVA, the reader is advised to consult 
advanced works dealing with statistical tests (e. g. Lindquist, 1940; Ferguson 1959; Scheffe, 1959; Huitson, 1966; Myers, 1966; 
Roscoe, 1975; Guilford and Fruchter, 1978) and the most useful introductory text by Meddis (1973). 
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also the F values. The latter values would help the reader 
discover whether the assumption of homogeneity of variance 
(i. e. equal variance) was violated by our data. All the 
results of our statistical analyses were obtained by using 
the SPSS package available through the main computer terminal 
at the University Computing Service area. 
6.12 Analysis of Results 
6.12.1 Method Used for Examining Results 
Earlier in this chapter, it was stated that our data 
included several dependent variables as well as several 
independent ones. There were, in fact, eight variables of 
the first type and five of the other type. Our objective 
was to show what effect, or effects, the independent variables, 
especially those related to differences in speech rate and 
to single versus geminate contrasts, have on the dependent 
ones. Therefore, the entire results of the two subjects who 
participated in this experiment were first arranged in 
separate columns and then typed into the computer creating 
a data file, as shown in tables 6.38 -6.45. These columns 
comprise measurements of either the independent or the 
dependent variables and each column consists of 24 items on 
each page, thus tokens are of identical conditions, i. e. 6 
tokens in each case. The first five, numbered from A to E, 
are of the independent variables. They are: A for 'speaker', 
B for 'speech rate', C for 'position of consonant', D for 
'type of consonant' and E for 'single versus geminate', in 
that order. 
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Since in analyzing data results the computer deals 
with figures rather than with phrases, the two numbers 1 
and 2 were used to signify the two values that each indepen- 
dent variable comprises and to help us in subjecting our 
data to the statistical treatments. In columns A-E, shown 
in tables 6.38 - 6.45, number 1 represents subject GG in 
column A, slow speaking rate in column B, word-initial 
position in column C, a fricative consonant in column D, 
and a single consonant in column E. On the other hand, 
number 2 represents subject AM in column A, fast speaking 
rate in column B, word-medial position in column C, a plosive 
consonant in column D, and a geminate consonant in column E. 
The other eight columns indicate measurement values 
pertaining to the eight dependent variables under investiga- 
tion. In situations where measurements were not possible, 
the symbol -1 was employed to denote a blank measurement 
value. Column six shows the measurements of the articulatory 
timing of the vowel preceding the investigated consonant (T1), 
column seven shows the measurements of the articulatory 
timing between Ac min. of [h] and that of [s] in /hasan/ or 
Iss] in /hassan/ (T4), column eight shows the measurements 
of the articulatory duration of the consonant (T2), column 
nine shows the measurements of the minimum cross-sectional 
area of word-initial and word-medial [s] and Ess] (Ac), 
columns ten and eleven show the measurements of oral pressure 
(Po) and oral airflow (Uo) for the studied consonants, 
respectively, column twelve shows the measurements of the 
acoustic duration of the consonant (t2), and finally column 
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thirteen shows the measurement of the acoustic timing of 
the vowel preceding that consonant (t1). Since T3 does 
not represent an independent measurement, it was not 
included in the data file. 
In addition to the above eight dependent variables, 
the computer was also instructed to compute two extra 
dependent ones at a later stage while creating our SPSS 
file. The two extra variables were termed 'Arvcratio' and 
'Acvcratio' which respectively indicate the ratio obtainable 
from dividing the articulatory duration of the consonant (T2) 
by the articulatory timing of the preceding vowel (T1), -and 
the ratio obtainable from dividing the acoustic duration of 
the consonant (t2) by the acoustic timing of the preceding 
vowel (tl). 
The SPSS file was created for the purpose of sub- 
jecting the results included in the data file to the statis- 
tical treatment of the analysis of variance (i. e. ANOVA) and 
the t-test. This file contained, among other things, a list 
of the thirteen variables stated in the data file. The 
thirteen variables were listed exactly in the same order as 
that shown in the data file, i. e. the list began with the 
'speaker' variable and ended with the 'tl' variable. The 
file also showed the number of cases (i. e. tokens) to be 
treated in each column. 
The SPSS file was also used for t-tests. It also 
computed the dependent variables of Arvcratio and Acvcratio, 
mentioned earlier in this section. 
For the sake of making things clearer and easier 
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to comprehend both by the investigator and by the reader, 
the thirteen variables were fully defined and labelled in 
the SPSS file. The value labels for the five independent 
variables were also fully described. 
6.12.2 The Main Effects of the Independent Variables 
In tables 6.46 -6.50, the main effects of the 
independent variables on the ten dependent variables are 
presented. These tables show the p value results of ANOVA 
indicating whether or not the five independent variables, 
or combinations of them, have significant effects on the 
dependent variables. In table 6.46, for example, it is 
very clear that virtually all independent variables have 
statistically highly significant effects on the ten dependent 
variables including the computed ones, namely Arvcratio and 
Acvcratio, where p value is at < 0.01. The two variables 
of speaker and consonant type are shown to have statistically 
highly significant effects on all dependent variables. 
Table 6.46 illustrates that differences in speaking 
rate have statistically non-significant effects on minimum 
cross-sectional area of the two fricatives [s] and Css] as 
well as on oral pressure and oral airflow of the investigated 
consonants, where p value is at > 0.05. It is also shown 
that the consonant position in a word has statistically non- 
significant effects on minimum cross-sectional area of [s] 
and Ess]. This suggests that there are non-significant differ- 
ences, in so far as Ac min-is concerned, between the single 
[s] or the geminate Ess] occurring word-initially, on the 
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one side, and those occurring word-medially, on the other. 
The most interesting thing this table shows is that 
the independent variable of single versus geminate has 
statistically non-significant effects on the acoustic timing 
of the preceding vowel (tl), where p value is at 0.119. 
This suggests that acoustically there are non-significant 
differences between the duration of a vowel preceding a 
single consonant and that of the same vowel preceding a 
geminate counterpart. These findings are completely consis- 
tent with those presented in our acoustic experiment of 
Chapter Three as well as those presented in our pilot experi- 
ment of the present chapter, where it was reported that 
acoustic durational differences of vowel [a] preceding [s] 
and Css] or Cd] and Cdd], in word-medial positions, were 
found to be negligible, see sections 3.4 and 6.7.7. These 
findings add further evidence in support of the view that 
temporal compensation between the lengthening of word-medial 
consonants and the preceding vowel does not exist in I. C. 
Arabic. 
In tables 6.47 -6.50, the effects of the interactions 
of two, three, four and five independent variables on the 
dependent ones are shown. Table 6.47, for instance, shows 
the p values of ANOVA indicating the degree of effect a 
combination of two independent variables has on the dependent 
ones. A vertical inspection of this table reveals clearly 
that almost all interactions of the independent variables 
have statistically highly significant effects on T4, i. e., 
the articulatory timing between Ac min. of [h] and that of [s] 
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in /hasan/ or Css] in /hassan/. T4 is shown to be less 
affected by an interaction of the two independent variables 
of speaker and single versus geminate, where p value is at 
0.014 indicating statistically significant effects rather 
than highly significant ones. At the same time, this table 
illustrates that the dependent variables representing the 
articulatory duration of a consonant (T2), the minimum cross- 
sectional area of supraglottal constriction (Ac) and the 
acoustic timing of a preceding vowel (tl), are shown to be 
the least affected variables by these interactions of the 
independent variables. 
On the other hand, a horizontal inspection of table 
6.47 shows that an interaction of the two independent 
variables of speaker and speech rate has statistically highly 
significant effects on T4 and Po, and statistically signifi- 
cant effects on Tl, T2 and t2. Their effects on Ac, Uo, tl 
Arvcratio and Acvcratio are shown to be statistically non- 
significant. The combination of speech rate and consonant 
position in a word is shown to have statistically highly 
significant effects on Tl, T4, tl, Arvcratio and Acvcratio, 
with p value at 0.000; whereas their effects on the other 
five dependent variables are statistically non-significant, 
especially on those variables representing aerodynamic 
features of speech production, viz. Ac, Po and Uo. The 
results indicate that the effects of the interaction of speech 
rate and consonant type are statistically highly significant 
on T4 and Po, significant on t2, and non-significant on the 
other seven dependent variables. 
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Regarding the effects resulting from the inter- 
actions of the independent variable of single versus geminate 
with the other four independent variables, table 6.47 illus- 
trates that a combination of speaker and single versus 
geminate has statistically non-significant effects virtually 
on all dependent variables except on T4, i. e. the articulatory 
timing between Ac min. of Ch] and that of word-medial [s] and 
Css], where the effect is shown to be statistically signifi- 
cant, with p value at 0.014. The combination of consonant 
position and single versus geminate is shown to have statis- 
tically non-significant effects on T2, Ac, Uo and tl, and 
statistically significant effects on the other six dependent 
variables. The interaction of consonant type and single 
versus geminate seems to have statistically highly significant 
effects on T4, Ac, Uo and t2, and statistically significant 
effects only on the computed variable of Acvcratio. Their 
effects are statistically non-significant on the other 
dependent variables, including T1 and tl, i. e. the articula- 
tory and the acoustic timings of the preceding vowel, respec- 
tively. In so far as the interaction of rate and single 
versus geminate is concerned, the results indicate that a 
combination of the two variables has statistically highly 
significant effects on five of the dependent variables, 
namely T4, T2, t2, Arvcratio and Acvcratio; whereas their 
effects are non-significant on the other five, including Tl 
and t1. 
Moreover, table 6.47 shows interactions between 
other independent variables. For example, the results indicate 
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that a combination of the independent variables of speaker 
and consonant position has statistically highly significant 
effects on all dependent variables except T2 and t2; while 
a combination of speaker and consonant type shows statisti- 
cally highly significant effects on all dependent variables 
except T2, tl and Arvcratio. Finally, a combination of 
consonant position and consonant type has statistically 
highly significant effects on all dependent variables except 
on Ac and t2, where the effects are non-significant on the 
first and only significant on the other. 
The results presented in table 6.47 demonstrate very 
clearly that in combinations where the variable single versus 
geminate interacts with any of the other four independent 
variables, there are always statistically non-significant 
effects on tl, i. e. the acoustic timing of the vowel preceding 
the studied word-medial consonants. This is consistent with 
the results shown in table 6.46. 
Table 6.48 shows combinations where three independent 
variables interact. In this table as well as in tables 6.49 
and 6.50, no columns indicating the p values for the two 
computed dependent variables, i. e. Arvcratio and Acvcratio, 
are shown. This is because p value results are not possible 
in three, four and five interactions for the two variables. 
Nevertheless, the results presented in table 6.48 indicate 
that the three-way interactions of the independent variables 
have statistically highly significant effects on T4, except 
the tri-combination of the variables of speaker, consonant 
position and single versus geminate, and that of speaker, 
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consonant type and single versus geminate, where the effects 
are shown to be statistically significant, with p value at 
0.014 in both cases. On the other hand, the results of 
this table reveal that all three-way interactions have 
statistically non-significant effects on tl, which is shown 
to be less affected by interactions where the two independent 
variables of rate and single versus geminate coexist with 
other independent variables. Both T2 and t2 are shown to 
be statistically highly affected by the interaction of 
speaker, rate and single versus geminate. T1 seems to be 
statistically highly affected by the interaction of speaker, 
consonant position and consonant type, and by the inter- 
action of speaker, consonant type and single versus geminate, 
suggesting that whenever the two variables speaker and 
consonant type interact there is statistically high signifi- 
cant effect on T1, except when they exist together with 
the independent variable of rate. Oral airflow (Uo) is 
only affected by the interaction of speaker, consonant 
position and consonant type, where the effect is shown to 
be statistically highly significant. This combination has 
the same effect on Ac. In addition to the statistically 
highly significant effect of the interaction of speaker, 'rate 
and single versus geminate, T2 is similarly affected by the 
interaction of consonant position, consonant type and single 
versus geminate indicating that the independent variable 
of single versus geminate exerts great effect on the 
articulatory duration of the consonant. 
In table 6.49, the effects of 4-way interactions are 
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presented. These interactions are shown to have statisti- 
cally highly significant effects on the dependent variable 
representing the articulatory timing between Ac min. of [h] 
and that of word-medial [s] or Ess] (i. e. T4) except for 
the combination of speaker, consonant position, consonant 
type and single versus geminate where the effect is shown 
to be only statistically significant, with p value at 0.014. 
T1 is shown to be statistically highly affected by the 
interaction of the independent variables of speaker, speech 
rate, consonant type and single versus geminate, on the one 
hand, and by the interaction of the independent variables 
of speaker, consonant position, consonant type and single 
versus geminate, on the other. The results of this table 
illustrate clearly that statistically non-significant 
effects are shown by the interactions of four independent 
variables on oral pressure (Po), oral airflow (Uo), acoustic 
duration of consonant (t2) and acoustic timing of preceding 
vowel (t1). As for the articulatory duration of the 
consonant (T2) and the minimum cross-sectional area of 
supraglottal constriction (Ac), only significant effects 
are shown by the interaction of speaker, speech rate, 
consonant position and consonant type on the former, and 
by the interaction of speaker, speech rate, consonant type 
and single versus geminate on the latter. The other inter- 
actions have non-significant effects on both variables. 
Table 6.50 shows combinations where all five independent 
variables interact. It is obvious that these interactions 
have statistically significant effects only on Tl and T4. 
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The effects on other dependent variables, namely T2, Ac, 
Po, Uo, t1 and t2, are shown to be statistically non-sig- 
nificant. 
The results of tables 6.46-6.50 show the importance 
of the two independent variables of speech rate and single 
versus geminate and indicate their significant effects, 
either individually or in combination, on the dependent 
variables associated with the articulatory, aerodynamic, or 
acoustic aspects of speech production. In order to achieve 
our objectives in finding out the differences and similari- 
ties between utterances spoken with two different speaking 
rates and in examining contrasts between single and geminate 
consonants, the data presented in tables 6.38-6.45 were 
subjected to the statistical treatment of the t-test to 
see what effect, or effects, each of the above two independent 
variables has on the ten dependent variables if all other 
independent variables are kept constant. 
6.12.3 The Effect of Speech Rate on the Dependent Variables 
Tables 6.51-6.66 show the effects speech rate has on 
the dependent variables when the other four independent 
variables remain unchanged. In table 6.51, for example, 
it is apparent that for subject GG the two different speech 
rates have statistically highly significant effects on oral 
pressure (Po) and the acoustic duration of consonant (t2), 
suggesting that there are significant differences in Po and 
in t2 between word-initial single fricatives produced with 
slow speaking rate and those produced with fast speaking rate. 
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For this subject, there is greater Po for fricatives 
produced with fast speaking rate than for fricatives 
produced with slow speaking rate. Conversely, t2 is found 
to be longer in words spoken with slow speaking rate than 
in those spoken with fast speaking rate, see lines 1-12 
of table 6.38. Table 6.52 shows that for subject AM 
differences in speech rate have non-significant effects 
on all dependent variables, indicating that there are 
statistically non-significant differences, in so far as 
the five dependent variables are concerned, between word- 
initial single fricatives used in words spoken with slow 
speaking rate and those used in words spoken with fast 
speaking rate, see lines 1-12 of table 6.42. 
In tables 6.53 and 6.54, it is quite obvious that 
for both subjects differences in speech rate have statist- 
ically highly significant effects on articulatory and 
acoustic durations of geminate fricatives pronounced word- 
initially, suggesting that there are significant durational 
differences, articulatorily and acoustically, between 
geminate fricatives produced with two different speaking 
rates. A geminate fricative used initially in words said 
with slow speaking rate has been found to be considerably 
longer than that used in words said with fast speaking rate, 
see lines 13-24 of tables 6.38 and 6.42. The results of 
tables 6.53 and 6.54 also show that for the two subjects 
there are statistically non-significant differences in oral 
pressure (Po), oral airflow (Uo) and minimum cross-sectional 
area (Ac) between initial geminate fricatives used in words 
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spoken with slow and fast speaking rates, suggesting that 
the geminates are not necessarily characterized by having 
different aerodynamic conditions when produced with two 
different speech rates. 
In tables 6.55-6.58 the effects of speech rate on 
ten dependent variables are shown. Tables 6.55 and 6.56 
indicate similar trends to those presented in tables 6.51 
and 6.52. That is, for subject GG significant differences 
in oral pressure (Po) and the acoustic duration of consonant 
(t2) have been found between medial single fricatives 
pronounced in words said with slow speaking rate and those 
pronounced in words said with fast speaking rate. The 
effect of the difference in speech rate is statistically 
shown to be highly significant on Po and only significant 
on t2. The results presented in lines 1-12 of table 6.39 
illustrate that there is greater amount of oral pressure 
in producing a word-medial single fricative spoken with 
fast speaking rate than that spoken with slow speaking rate. 
They also illustrate that a word-medial single fricative 
pronounced with slow speaking rate is acoustically longer 
than that pronounced with fast speaking rate. In contrast 
to those results presented in table 6.52, the results of 
table 6.56 indicate that for subject AM the difference in 
speech rate does not have significant effects on any of 
the ten dependent variables, suggesting that for this subject 
there are non-significant differences between a single 
fricative used medially in words spoken with slow speaking 
rate and that used in words spoken with fast speaking rate, 
w 
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see lines 1-12 of table 6.43. 
Regarding word-medial geminate fricatives, table 
6.57 shows that for subject GG differences in speech rate 
have significant effects on most of the ten dependent 
variables. These effects are statistically shown to be 
either highly significant or only significant, suggesting 
that there are significant differences between medial 
geminate fricatives pronounced in words said with slow 
speaking rate and those pronounced in words said with fast 
speaking rate, see lines 13-24 of table 6.39. Table 6.58, 
on the other hand, shows that for subject AM there are sig- 
nificant effects exerted by having different speech rates 
on only four of the dependent variables, namely T2, t1, t2 
and Arvcratio. These effects are statistically shown to 
be only significant, see lines 13-24 of table 6.43. 
The results presented in table 6.57 and 6.58 demons- 
trate clearly that while subject GG keeps a constant articu- 
latory scheme, subject AM, on the other hand, keeps a cons- 
tant acoustic scheme, i. e. the vowel and the consonant are 
reduced in the same proportion acoustically. Subject GG 
is shown to scale down the articulatory duration and allow 
the acoustic duration ratio of the vowel and the consonant 
to vary; whereas subject AM is shown to behave conversely, 
i. e. he scales down the acoustic duration and allows the 
articulatory duration ratio of the vowel and the consonant 
to vary. 
In tables 6.59-6.66, the effects of having two dif- 
ferent speaking rates in connection with plosive consonants 
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are shown. Tables 6.59 and 6.60 indicate that for the two 
subjects the articulatory duration of a word-initial single 
plosive is significantly affected by having two different 
speech rates. The effect is statistically shown to be 
highly significant for subject GG and only significant for 
subject AM. These findings suggest that there are signifi- 
cant differences between the articulatory duration of a 
single plosive pronounced initially in words spoken with 
slow speaking rate and that pronounced in words spoken with 
fast speaking rate, see lines 1-12 of tables 6.40 and 6.44. 
In as far as t2 is concerned, the results indicate that for 
subject GG there are non-significant differences between 
the acoustic duration of word-initial single plosives 
produced with slow speaking rate and those produced with 
fast speaking rate. For subject AM, the situation is 
different. Table 6.60 shows that for this subject there 
is a statistically highly significant difference between t2 
of word-initial single plosive consonants. The results 
indicate that single plosives used word-initially are, 
acoustically, considerably longer when pronounced with slow 
speaking rate than those pronounced with fast speaking rate, 
see lines 1-12 of table 6.44. 
Tables 6.61 and 6.62 show the effects of having two 
different speech rates on word-initial geminate plosives. 
The two tables indicate clearly that there are significant 
effects on the articulatory and the acoustic durations of 
the consonant. For subject GG the effects are statistically 
shown to be highly significant; whereas they are statistically 
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only significant for subject AM. Articulatorily and 
acoustically, these results suggest that there are signifi- 
cant durational differences between geminate plosives 
produced initially in words spoken with slow speaking rate 
and those produced in words spoken with fast speaking rate. 
Word-initial geminate plosives have been found to be con- 
siderably longer when pronounced with slow speaking rate 
than those pronounced with fast speaking rate, see lines 
13-24 of tables 6.40 and 6.44. At the same time, tables 
6.59-6.62 show that oral pressure (Po) is not significantly 
affected by having two different rates of speech. That is, 
there are statistically non-significant differences in oral 
pressure between word-initial plosives, singles or geminates, 
pronounced in words said with slow speaking rate and 
those pronounced in words said with fast speaking rate. 
These results apply to both subjects. 
Tables 6.63 and 6.64 show the effects speech rate 
has on word-medial plosive consonants. Table 6.63 indicates 
that for subject GG different rates have significant effects 
on T1, T2, Po and tl. These effects are described as 
statistically highly significant on the last one. Table 
6.64, on the other hand, indicates that for subject AM there 
are statistically highly significant effects on T2, Po, t2 
and Arvcratio. The results of the two tables suggest that 
there are significant differences, in so far as these variables 
are concerned, between single plosives produced medially in 
words spoken with slow speaking rate and those produced in 
words spoken with fast speaking rate, see lines 1-12 of 
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tables 6.41 and 6.45. 
Tables 6.65 and 6.66 illustrate the effects of speech 
rate on word-medial geminate plosives. In table 6.65, it 
is shown that the articulatory and the acoustic aspects 
are significantly affected by having two different speaking 
rates. The effects on the articulatory and the acoustic 
timing of the preceding vowel (i. e. T1 and t1) are shown 
to be statistically significant; whereas the effects on 
the articulatory and the acoustic durations of the investi- 
gated consonants (i. e. T2 and t2) are shown to be statisti- 
cally highly significant. These effects have their conse- 
quences on the p values of the two computed variables, viz. 
Arvcratio and Acvcratio, which are also shown to be signi- 
ficantly affected. For subject AN, table 6.66 shows that 
differences in speaking rate have their significant effects 
only on T2 and t2, where the effects are statistically highly 
significant on the first variable and statistically only 
significant on the second. Both tables show that there are 
non-significant differences in oral pressure between geminate 
plosives produced medially in words spoken with slow speaking 
rate and those produced in words spoken with fast speaking 
rate, see lines 13-24 of tables 6.41 and 6.45. 
However, the overall results presented in tables 6.63- 
6.66 yield similar trends to those implied in tables 6.55- 
6.58. That is, the two subjects are shown to continue keeping 
two different schemes. So, while subject GG scales down the 
articulatory duration and allows the acoustic duration of 
the vowel and the consonant to vary, subject AM does the 
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reverse, i. e. he scales down the acoustic duration and 
allows the articulatory duration of the vowel and the 
consonant to vary. 
6.12.4 The Effect of Single versus Geminate on the Dependent 
IT- -1-1 -- 
Tables 6.67-6.82 show the effects of single versus 
geminate on the dependent variables when the other four 
independent variables are kept constant. For example, the 
p value results presented in tables 6.67 and 6.68 indicate 
clearly that for both subjects the independent variable of 
single versus geminate has statistically highly significant 
effects on T2 and t2, suggesting that there are significant 
differences in the articulatory and acoustic durations of 
single fricatives and those of their geminate counterparts 
pronounced with slow speaking rate in word-initial position, 
see lines 1-6 and 13.18 of tables 6.38 and 6.42. Table 6.67 
also shows that for subject GG there are significant differ- 
ences in oral pressure (Po) between word-initial single 
fricatives and their geminate cognates when they are pronounced 
with slow speaking rate. For subject AM, on the other hand, 
table 6.68 shows that there are significant differences in 
oral airflow (Uo) and in minimum cross-sectional area (Ac) 
of word-initial single fricatives and those of their geminate 
cognates when they are pronounced with slow speaking rate. 
The results shown in tables 6.69 and 6.70 indicate 
very clearly that the independent variable of single versus 
geminate has significant effects on all dependent variables, 
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except that for subject GG oral pressure seems to be non- 
significantly affected, where p value is at 0.296. These 
results show that there are statistically highly signifi- 
cant differences in articulatory and acoustic durations 
between single fricatives and their geminate partners 
occurring initially in words spoken with fast speaking rate, 
see lines 7-12 and 19-24 of tables 6.38-6.42. These findings 
are completely consistent with those discussed in our fore- 
going experiments in that single fricatives used word- 
initially are considerably shorter than their geminate 
counterparts, see tables 6.20 and 6.29. 
In tables 6.71 and 6.72 the effects of single versus 
geminate on the ten dependent variables are shown when 
single fricatives or their geminate cognates occur medially 
in words spoken with slow speaking rate. Both tables 
indicate that there are statistically highly significant 
effects exerted by the variable of single versus geminate 
on T2 and t2 as well as on Arvcratio and Acvcratio, suggest- 
ing that there are significant differences in articulatory 
and acoustic durations between single fricatives and their 
geminate partners produced medially in words spoken with 
slow speaking rate. The results of the two tables show that 
whereas for subject GG there are statistically highly signi- 
ficant differences between the articulatory timings of T1 
and T4 in words having medial single fricatives and in those 
having their geminate counterparts when produced with slow 
speaking rate, there are statistically non-significant 
differences in T1 and T4 for subject AM, see lines 1-6 and 
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13-18 of tables 6.39 and 6.43. The aerodynamic aspects 
are shown to be non-significantly affected, except that 
for subject GG it is obvious that there is a statistically 
significant effect on oral airflow (Uo). These results 
illustrate clearly that there are non-significant differ- 
ences in oral pressure (Po) and in minimum cross-sectional 
area (Ac) between single fricatives and their geminate 
cognates used medially in words spoken with slow speaking 
rate. 
Both in table 6.71 and in table 6.72, differences 
in the acoustic timing of the preceding vowel (t1) are shown 
to be statistically non-significant, suggesting strongly 
that there are negligible differences between the duration 
of a vowel preceding a word-medial single consonant and 
that preceding a geminate counterpart. These findings are 
entirely compatible with those reported in our previous 
experiments, see sections 3.4 and 6.7.7. They give further 
evidence that there is no temporal compensation between the 
lengthening of a word-medial consonant and a preceding vowel 
in I. C. Arabic. 
In the case of producing single and geminate fricatives 
used medially in words spoken with fast speaking rate, tables 
6.73 and 6.74 show that the dependent variables of T2 and t2 
as well as those of Arvcratio and Acvcratio are significantly 
affected by the independent variable of single versus 
geminate. The results denote that there are statistically 
highly significant differences in the articulatory and 
acoustic durations between a word-medial single fricative and 
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its geminate cognate when both are spoken with fast speaking 
rate, see lines 7-12 and 19-24 of tables 6.39 and 6.43. 
They also show that t1 continues to be non-significantly 
affected by the single versus geminate variable, thus 
indicating that there are negligible differences between 
the acoustic duration of a vowel preceding a single conso- 
nant and that preceding a geminate consonant. These find- 
ings, in turn, add another support in favour of the fact 
that temporal compensation between the lengthening of a 
word-medial consonant and a preceding vowel does not exist 
in I. C. Arabic. 
Tables 6.73 and 6.74 also illustrate that for the 
two subjects there are non-significant differences in the 
articulatory timing of a vowel preceding a single consonant 
and that preceding a geminate cognate when both occur in 
words spoken with fast speaking rate. Table 6.73 shows that 
for subject GG there are non-significant differences in 
oral pressure, oral airflow and minimum cross-sectional area 
between single fricatives and their geminate partners 
pronounced medially in words spoken with fast speaking rate. 
On the other hand, table 6.74 shows that for subject AM 
there are statistically non-significant differences in oral 
airflow only, see lines 7-12 and 19-24 of tables 6.39 and 
6.43. 
In contrast to those results presented in tables 6.57 
and 6.58, the results shown in tables 6.73 and 6.74 indicate 
clearly that the two subjects keep constant articulatöry and 
-456- 
acoustic schemes in which the vowel and the consonant are 
reduced in the same proportion. 
Tables 6.75 -6.78 show the effects of single versus 
geminate on the dependent variables of T2, Po and t2. It 
is apparent that the results of these tables indicate that 
for both subjects there are significant differences between 
the articulatory and acoustic durations of single plosives 
produced initially in words spoken with slow and fast speech 
rates and their geminate counterparts occurring in the same 
word-position and produced with the same speech rates. 
These differences are shown to be statistically highly sig- 
nificant. Nevertheless, table 6.76 illustrates that for 
subject AM there is a non-significant difference in the 
amount of oral pressure accompanying the production of a 
single plosive and that of its geminate partner when both 
occur initially in words uttered with slow speaking rate, 
see lines 1-6 and 13-18 of table 6.44. 
Tables 6-79-6.82 indicate that the two subjects 
virtually have identical results. For instance, it is shown 
that T2 and t2 are significantly affected by the independent 
variable of single versus geminate, suggesting that geminate 
plosives are, articulatorily and acoustically, considerably 
longer than their non-geminate cognates when produced 
medially in words spoken with slow or fast rates of speech. 
The tables also show that there are negligible differences 
in the acoustic and articulatory durations of vowels preced- 
ing medial single plosives and those preceding their geminate 
partners no matter whether they occur in words spoken with 
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slow speech rate or spoken with fast speech rate, see 
measurements presented in tables 6.41 and 6.45. Again, 
these findings give further evidence to support the idea 
that there is no temporal compensation between the lengthen- 
ing of word-medial consonant and a preceding vowel in I. C. 
Arabic. 
Oral pressure (Po) is shown to be non-significantly 
different in a single plosive and that in a geminate plosive 
when the two segments occur medially in words spoken with 
slow or fast speaking rates. However, table 6.82 shows 
that for subject AM there is a statistically significant 
difference between oral pressure associated with the produc- 
tion of its geminate cognate when both are used medially in 
words uttered with fast speech rate. With regard to subject 
AM, the results of the present experiment indicate that 
there is a significantly greater amount of oral pressure 
with a word-medial geminate plosive than with a non-geminate 
plosive when they are used in words spoken with fast speaking 
rate, see lines 7-12 and 19-24 of table 6.45. 
The conclusions drawn from the results of tables 6.75- 
6.82 are that fricative and/or plosive geminates are, 
articulatorily and acoustically, considerably longer than 
their non-geminate partners whether they are used in words 
said with slow or fast speaking rates. Differences in the 
acoustic durations of vowels preceding single consonants and 
those preceding geminate consonants are found to be negligible. 
These findings are largely consistent with those of other 
experiments included in this study, see sections 3.4 and 
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6.7.7. Oral pressure has been found to vary in relation to 
the variables of speaker and consonant position. Generally, 
significant differences in oral pressure have been found 
between single and geminate consonants when they occur word- 
initially; whereas non-significant differences have been 
found when the two segments occur word-medially, irrespective 
of the speech rate with which the word is uttered. Moreover, 
the results of table 6.79-6.82 indicate clearly that the two 
subjects continue keeping constant articulatory and acoustic 
schemes in which the vowel and the consonant are reduced in 
the same proportion. 
6.12.5 The Interactions Between Single and Geminate 
Consonants 
Speech scientists have always been interested, in 
so far as the encoding and decoding of speech are concerned, 
in finding out what things are phonetically common among 
different speakers and what things are phonetically common 
across different speech rates. That is, they have been 
trying to discover cases where there is constancy, i. e. 
invariance, among things and whether the timing pattern of 
the linguistic segments-stays the same at different speech 
tempi. 
Earlier in this chapter, see section 6.8.1, it has 
been reported that current speech researches are being in- 
creasingly directed towards finding acoustic and articulatory 
invariance across changes in speech rate. Therefore, the 
data of our present experiment were subjected to further 
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statistical treatments, in addition to those whose results 
have been presented in the foregoing tables, to find out 
whether there are any overlappings between single consonants 
produced with slow speech rate and their geminate counter- 
parts produced with fast speech rate. 
Tables 6.83 - 6.89 show the degree of overlapping 
between geminate fricatives or plosives used either initially 
or medially in words spoken with fast speaking rate and 
their single cognates used in words spoken with slow speaking 
rate. In tables 6.83 and 6.84, it is clear that for the 
two subjects there are significant differences in the 
articulatory and acoustic durations of word-initial and 
word-medial single fricatives produced with slow speaking 
rate and their geminate partners produced with fast speaking 
rate. Although the articulatory and the acoustic durations 
of the two segments are shown to be statistically highly 
significant, table 6.83 indicates that for subject AM there 
is an overlapping in the acoustic duration of a word-initial 
single fricative and that of its geminate cognate when the 
former is produced with slow speaking rate and the latter 
with fast speaking rate. Inspecting the results shown in 
table 6.42, lines 1-6 and 19-24, it is obvious that there 
is an interaction in the acoustic duration of the single [s] 
and that of the geminate Ess] produced word-initially, where 
the measurement value of 100.8 msec occurs in both segments. 
Similarly, tables 6.85 and 6.86 show that there are 
statistically highly significant differences between the 
articulatory and the acoustic durations of single plosives 
used initially or medially in words spoken with slow speaking 
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rate and those of their geminate counterparts used in words 
spoken with fast speaking rate. The results presented in 
lines 1-6 and 19-24 of table 6.44, however, show that for 
subject AM there is an overlapping in the articulatory 
duration of the single Cd] and that of the geminate Edd] 
produced word-initially, where the measurement value of 85 
msec exists in both segments. 
The overall results shown in tables 6.87,6.88 and 
6.89 indicate that the interactions noticeable in tables 
6.42 and 6.44, in so far as the acoustic and the articula- 
tory durations of the consonant are concerned, are found, 
to be negligible or statistically non-significant. Tables 
6.87 -6.89 show that there are statistically highly signi- 
ficant differences between the acoustic and the articulatory 
durations of word-initial and word-medial single consonants 
produced with slow speaking rate and those of their geminate 
cognates produced with fast speaking rate, suggesting that 
geminate consonants are very often considerably longer than 
non-geminate consonants even when they are produced with 
two contrasting rates of speech. 
6.13 Discussion 
6.13.1 The Aerodynamic Data 
One of the main objectives of speech research is 
to understand the mechanism underlying the control of the 
speech-generating system. (Klatt et al., 1968). Several 
kinds of experimental observations can be made so as to 
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investigate the nature of this process. For instance, 
aerodynamic events, i. e. those related to airflow and 
pressure, during speech can provide useful information 
concerning the activities of various articulatory structures. 
Measurements of airflow and pressure in speech can give 
information about the relative timings and speeds of move- 
ments of the articulators. (Scully, 1971). 
The results obtained from our pilot experiment of 
this study have shown that geminate consonants are generally 
characterized by having higher oral pressure than their non- 
geminate counterparts. For the fricatives, oral airflow has 
been shown to be greater for the singles than for the 
geminates, and minimum cross-sectional area has been found 
to be significantly smaller for a geminate fricative than 
for a single cognate, see tables 6.4-6.19. These findings 
have been confirmed in our main experiment for both subjects, 
where the results have indicated significant differences in 
oral pressure (Po) between single fricatives or plosives and 
their geminate partners. Also, the results have indicated 
significant differences in oral airflow (Uo) and in minimum 
cross-sectional area (Ac min. ) between single fricatives and 
their geminate cognates. Despite the fact that differences 
in oral pressure between the geminates and the non-geminates 
have been found to vary from one speaker to another, in 
relation to their position in a word, the overall results of 
the main experiment revealed that geminate consonants are 
produced with greater oral pressure than the non-geminate 
consonants and that significant differences in oral pressure 
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have been found between the two types of segments, see 
table 6.46. Oral airflow has been consistently shown to 
be greater with single fricatives than with their geminates 
no matter whether they were articulated with slow or with 
fast speech rates. 
These findings are partly consistent with results 
reported by Hassan (1981) who examined articulatory and 
aerodynamic distinctions between a voiceless geminate plosive 
and its non-geminate counterpart. He observed that the 
longer occlusion duration of the geminate consonant was 
accompanied by a higher intraoral pressure though in some 
cases the geminate and the non-geminate consonants were both 
stressed. Hassan followed Catford (1977) in suggesting that 
"this may be indicative of a higher articulatory effort 
accompanying the act of moving and holding the articulators 
to maintain a longer occlusion time for the geminate contoid. " 
Cp. 298]. For Catford (ibid., p. 210) a geminate is taken to 
mean a 'strong' or 'tense' consonant; it involves continuity 
of articulation, i. e. a prolongation of the articulatory 
posture, and minor diminution and re-establishment of initiator 
power in the case of an utterance like Cazz-a], or initiator 
power diminution in the case of an utterance like Caz-za]. 
We do agree with Hassan (loc. cit. ) in that it is impossible 
to confirm, within the limitation of our current investigation, 
that the articulation of a geminate consonant could be 
correlated with strong articulatory effort. To achieve this 
end, one needs to investigate which muscles are responsible 
for this 'strong' or 'tense' articulation. It may be approp- 
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riate here to draw attention to the fact that Arabic is 
not only characterized by having contrasts between single 
and geminate consonants, but its phonological system also 
has oppositions between voiced single and voiced geminate 
consonants, on the one side, and their voiceless counter- 
parts, on the other. 
1 
In distinguishing between, let's 
say, [dd] and [tt], it seems that voicing almost certainly 
must be maintained throughout the [dd] closure. In order 
to achieve this long fully voiced closure, the oral pressure 
must rise more slowly for the geminate [dd] than for the 
single [d]; probably with voice-maintaining mechanisms. 
Speech researchers (e. g. Klatt et al., op. cit. ) state 
that resistance to airflow during speech production comes 
primarily from two sources : the glottis and constrictions 
in the supraglottal vocal tract. Scully (op. cit., p. 192) 
points out that resistance depends upon the length of the 
constriction as well as upon the cross-sectional area. She 
states that since the airflow is turbulent, resistance is 
then a function of airflow. 
Our measurements of the oral airflow for fricatives 
show that single consonants are accompanied by slightly 
greater oral airflow than geminate consonants, see tables 
6.8,6.9 and 6.38-6.45. Considering these results, we can 
postulate that since both [s] and Css] are voiceless conso- 
nants, requiring very little obstruction of the airflow by 
the vocal folds such as that observed during the articulation 
of voiced consonants, what then really causes the consider- 
1. See Chapter One of this study for full details. 
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able differences in oral airflow between the two homogen- 
eous segments is the degree of constriction in the supra- 
glottal vocal tract. The geminate Css] has been found to 
be produced with a significantly smaller minimum cross- 
sectional area than the single [s]. This strongly suggests 
that there is closer approximation between the tongue tip 
or body and the alveolar ridge during the articulation of 
[ss] than during the articulation of [s], thus resulting 
in greater oral pressure and lower oral airflow for the 
geminate and lesser oral pressure and higher oral airflow 
for the non-geminate. These findings are highly consistent 
with those of the direct palatography experiment, which 
suggested strongly that the geminate [ss] is produced with 
firmer tongue-palate contact than the single [s]. These 
results, once again, lend support to the notion of 
'mechanical pressure' originally advanced by McGlone and 
Proffit (1972) implying that there is greater force exerted 
by the tongue against the roof of the mouth during the 
articulation of the geminate consonants than that during 
the articulation of the non-geminate ones, see section 5.5 
for more details. 
Although our current study is not principally designed 
to investigate differences between voiced single or geminate 
consonants and their voiceless partners, our data present 
evidence that there is higher oral pressure during the 
production of single and geminate fricatives than during 
the production of single and geminate plosives. The reason 
may lie in the role played by the glottis as being a major 
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source of obstruction while producing the two voiced plosive 
consonants, namely [d] and Cdd], where a part of the air- 
pressure is used for the vibrating vocal folds. In this 
respect, Isshiki and Ringel (1964) state that "it is felt 
that the closure of the glottis, a necessary requisite for 
voicing, increases the resistance within the vocal tract, 
and therefore reduces the flow rate. " [p. 241]. Slis (1970, 
p. 195) explains that the driving force for the vibration of 
the vocal folds is supplied by the air-stream through the 
glottis and that if the intraoral pressure rises, the 
pressure drop over the glottis will decrease, thus making 
the air-stream through the glottis decrease. He argues that 
with voiceless consonants this happens rather quickly giving 
no time to keep the vocal folds in vibration; whereas with 
voiced consonants the pressure drop remains sufficiently 
high to keep the vocal folds in vibration. His results 
indicated that the glottis was more open during voiceless 
consonants than during voiced consonants. On the same point, 
Arkebauer et al. (1967) state that resistance of the speech 
air-stream at the level of the vocal folds probably results 
in a pressure drop across the glottis during voiced consonant 
productions, and that the glottis offers little resistance 
to airflow during the production of voiceless sounds. They 
assume that the respiratory system produces higher subglottal 
pressures during voiced than during voiceless consonant 
productions so that intraoral pressures produced during 
voiced consonants may approach the magnitudes of those 
produced during voiceless consonants. Further, they state 
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that "although it is not known whether or not maximum sub- 
glottal air pressures differ for voiced and voiceless 
consonants, it appears obvious that the pressure drop across 
the glottis in the former type of speech sound is so great 
that the variable of voicing is a primary determinate of 
intraoral air pressures associated with consonant productions. " 
Cpp. 204-2057. 
It is commonly agreed (Black, 1950; Isshiki and Ringel, 
1964; Hixon, 1966; Arkebauer et al., 1967; Scully; 1971) 
that voiceless consonants are accompanied by substantially 
higher airflow and by greater oral pressure than voiced 
consonants. Perkell (1969), and Kent and Moll (1969) have 
demonstrated that voiced plosives are produced with larger 
supraglottal volumes than their voiceless cognates. More- 
over, Kent and Moll's data revealed that pharyngeal expansion 
occurs simultaneously with the depression of the hyoid bone, 
which is probably an active process. They concluded that 
the increase in supraglottal volume is at least a partial 
explanation for instraoral pressure differences among cognates. 
The data from Warren and Hall's study (1973) suggested 
that pressure differences among voiced-voiceless cognate 
pairs are related to the length of the voicing interval. The 
two researchers noted that the most significant difference 
in pressure was observed when voicing occurred throughout 
the period of pressure rise and the smallest difference was 
obtained when voicing was not apparent. These findings 
support the contentions of a number of investigators (e. g. 
Malecot, 1955; Warren and Wood, 1969) that vocal fold activity 
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produces the largest pressure drop across the vocal tract. 
According to them, this does not necessarily mean that vocal 
fold activity is the primary determinant of intraoral 
pressure. 
1 Warren and Wood (op. cit. ) have suggested that 
respiratory effort and intraoral volume are important factors 
which may influence consonantal pressures. They reported 
that respiratory volumes (i. e. airflow rates) are consistently 
larger for voiceless sounds and proposed that intraoral air 
volumes may differ as a result of this. 
Our results representing the aerodynamic conditions 
of speech production are comparable with those presented by 
other investigators. They are, for instance, in good agree- 
ment with Black's findings. Black (op. cit. ) reported that 
his data suggested that greater magnitudes of intraoral air 
pressure are associated with voiceless consonants than with 
their voiced cognates and that greater pressures are assoc- 
iated with fricative sounds than with plosive sounds. On 
the other hand, they are in disagreement with findings 
reported by Malecot (1955) and Subtelny et al. (1966). 
Malecot's research does not support Black's conclusion as 
well as ours that higher peak intraoral air pressures are 
associated with fricatives than with plosives. Malecot 
stated that peak magnitudes of intraoral air pressure are 
greater during the production of voiceless plosives than 
during voiceless fricatives; while the trend is reversed 
for voiced plosives and fricatives. Similarly, Subtelny etal. 
(op. cit. ) found that a higher amplitude of oral pressure was 
1. Cf. Arkebauer et al., 1967, p. 205. 
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recorded during voiceless plosive articulation than during 
voiceless fricative articulation. 
Other studies on the voice source (e. g. van den Berg, 
1956; Ladefoged and McKinney, 1963; Scully, 1969) have shown 
that increases in the level of voice are accompanied by 
increases in subglottal air pressure and that air pressures 
generated within the vocal tract increase as the level of 
speech is raised. These studies have posited that generally 
higher voice intensities are accompanied by greater rates 
of airflow through the vocal tract at successively higher 
levels of speech production, whether the speech signal is 
a vocal tone or a turbulent noise. Scully's investigation 
presents evidence that, in general, volume airflow rate 
through the glottis and volume airflow rate through the 
tongue constriction are not equal. She argues that they 
differ partly because of changes-in the supraglottal cavity 
volume and partly because of changes inside the supraglottal 
cavity, which means that pressure-airflow experiments do 
not give direct information about the airflow at the vocal 
folds. She adds that it is not easy to measure the subglottal 
pressure and, therefore, it is difficult to make statements 
about the glottal resistance. 
With regard to data obtained from fricative conso- 
nants, our experiments present results compatible with those 
reported by Hixon (1966). Hixon's data suggested that both 
greater intraoral air pressures and oral airflow rates were 
associated with higher noise levels. He states that "for 
voiceless fricatives, where the laryngeal valve is assumed 
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to be relatively open, the greater rates of airflow into 
the oral cavity at higher speech intensities would result 
in greater air pressure magnitudes intraorally providing 
the area of the maximum oral constriction does not enlarge 
at a rate proportional to or greater than the rate of air- 
flow. " Cp. 1781. Hassan (1981) has observed that volume air- 
flow rate and intraoral pressure are significantly higher 
for voiceless fricative and plosive consonants than for 
their voiced counterparts, and that the minimum cross-sectional 
area of constriction is significantly smaller for a voiced 
fricative than for a voiceless partner. His data also showed 
that peak intraoral pressure is generally greater with the 
plosive consonants than with the fricative consonants. 
Aerodynamically speaking, what our present investi- 
gation has revealed is that intraoral air pressures and 
volume airflow rates are consistently higher for voiceless 
consonants, than for voiced ones, irrespective of differences 
in speech rates as well as in speakers. On the other hand, 
and probably more importantly, the results of the main experi- 
ment have quite obviously indicated that oral pressure, oral 
airflow and minimum cross-sectional area of supraglottal 
constriction do not change statistically significantly with 
changes in rate of speech when other factors are held constant. 
That is, single or geminate consonants produced with fast 
speech rate show statistically insignificant differences in 
oral pressure, oral airflow and constriction area from single 
or geminate consonants produced with slow rate of speech. 
See tables 6.38 - 6.45 for measurements pertaining to these 
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three variables, and also see table 6.46 for statistical 
evaluation. Therefore, since the measured aerodynamic 
and physiological dimensions, in so far as oral pressure, 
oral airflow and constriction area are concerned, do not 
change with changes in speech rate, it appears quite logical 
to assume that during increased speed of single versus 
geminate articulations the manner in which the examined 
consonants, viz. [s] - Ess] and [d] - Edd7, are articulated 
does not change significantly. 
Although these findings provide no information as 
to the precision of the vocal tract shape required for the 
articulation of single versus geminate consonants, the data 
obtained strongly suggest that at the two speaking rates 
used in the main experiment of this study, the area of the 
minimum oral constriction does not change significantly. 
When it is considered that neither oral pressure nor oral 
airflow does change with changing speech rates, it then 
seems plausible to assume that the shape of the supraglottal 
constriction also may not have changed at different rates 
of speech. 
These findings appear to be in total agreement with 
those reported by Hixon (op. cit. ) whose data provided evidence 
that air pressure, airflow and constriction area were not 
affected by speaking rate. At the same time, it seems reason- 
able to adopt Hixon's interpretation in suggesting that his 
findings might have important implications for the acoustic 
theory of speech production as elaborated by Stevens and 
House (1963). Based on acoustic data, these researchers 
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suggested that articulatory positioning for vowels tends 
to approach an ideal target configuration more closely when 
the consonantal environment is a plosive than when it is 
a fricative, in spite of the fact that the vowel durations 
for plosive consonantal environments are shorter than those 
for fricative environments. They stated that "such a finding 
is not unexpected if it is considered that the articulatory 
structures can execute displacements to and from the complete 
closures such as those appropriate for stop consonants with 
considerable speed, whereas fricative environments require 
that structures be accelerated from and decelerated to 
configurations with constrictions of precisely controlled 
size and shape. " [p. 126J. They believed that it is probable 
that the movement to and from such fricative configurations 
should be less rapid and, therefore, the extent to which 
the vowel configuration falls short of the ideal target 
configuration is greater for fricative consonantal environ- 
ments. 
In the light of the above argument and in so far 
as our data are concerned, it is evident. that the main 
experiment presents evidence that the articulation of the 
geminate consonants or that of the non-geminate consonants 
does not require relatively precisely controlled size and 
shape constrictions within the vocal tract when that segment 
is produced with either slow or fast rates of speech. This 
finding, however, does not agree with results reported by 
Stevens and House (op. cit. ) and Lindblom (1963) which indicate 
that changes in the dynamics of speech physiology are to be 
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expected when speech rate is varied. That is, when the 
data of the main experiment are considered, the lack of 
systematic trends for significant changes in intraoral 
pressure, oral airflow rate and the inferred minimum cross- 
sectional area associated with increasing speech rate during 
the articulation of single or geminate consonants makes the 
interpretation of these results difficult. We do, therefore, 
agree with the contention proposed by Hixon (op. cit. ) in 
that parameters such as air pressure, airflow and oral 
constriction to that airflow should be taken into account 
for a thorough understanding of the aerodynamics of consonant 
articulation. 
Finally, one of the most controversial points that 
the current investigation has addressed is that our data 
bear testimony to the fact that gemination in Arabic does 
not involve a rearticulation (i. e. double articulation) of 
the same consonant. The obtained traces, representing the 
aerodynamic, articulatory and acoustic conditions of single 
versus geminate production, were almost without exception steady and 
uninterrupted for either the friction noise of a geminate fricative 
or the occlusion time of a geminate plosive. Such findings 
are comparable with those presented by Hassan (op. cit. ) who 
stated that "neither from the acoustic nor from the myodynamic 
and aerodynamic points of view is there any indication that 
gemination involves a rearticulation of the same consonant. 
They all show steady and uninterrupted traces for the occlu- 
sion time of the geminate plosive. " [p. 396]. Hegedus (1959) 
also found that Hungarian geminates are characterized by the 
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non-existence of rearticulation in their production. 
Our present findings are also compatible with 
hypotheses suggested by other investigators (e. g. Blanc, 
1952; Nasr, 1960; Erwin, 1963,1969; Cowell, 1964; Al-Ani, 
1970; Al-Ani and May, 1973) in that a geminate consonant 
in Arabic is articulated as one long indivisible consonant. 
They are, on the other hand, in discrepancy with findings 
reported in investigations conducted on languages other than 
Arabic (e. g. Stetson, 1951; Lehiste, 1960,1966,1970; 
Delattre, 1971). These scholars presented evidence that 
gemination does involve double articulation of the same 
consonant in the languages they studied. Lehiste et al. 
(1973) have found evidence for rearticulation in the produc- 
tion of geminate consonants in Estonian, but their data 
provided no evidence for rearticulation in the production of 
English consonant sequences at word boundaries. 
1 
6.13.2 The Acoustic and the Articulatory Data 
The measurements of the acoustic and articulatory 
durations which we have cited in the tables of the pilot and 
the main experiments of this study indicate very clearly that 
geminate consonants occurring word-initially or word-medially 
are considerably longer than their non-geminate partners 
occurring in the same word positions. The significant dura- 
tional differences between single and geminate consonants 
1. For more references and further information, see Chapters 
One and Two of this study. 
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have been found to be applicable to consonants produced 
in words spoken with different rates of speech by two native 
speakers of I. C. Arabic. 
If we look back at tables 6.29-6.32 for acoustic 
durations and at tables 6.20-6.23 for articulatory durations, 
it is seen that a geminate fricative is virtually twice as 
long as its single cognate, and a geminate plosive is more 
than three times the duration of its single counterpart. 
These findings are highly consistent with results presented 
in our experiment of Chapter Three. They are also highly 
consistent with findings reported by other investigators 
(e. g. Han, 1965; Delattre, 1971; Lehiste et al., 1973; 
McKay, 1980, -Hassan, 1981; Balasubramanian, 1982). 
As reviewed in section 2.3, Han (ibid. ) conducted 
a spectrographic investigation and found that 'long' 
(geminate) consonants in Japanese are much more than twice 
the duration of their 'short' (single) counterparts. For 
example, he compared the word /hakada/ with /hakkada/ and 
the word /kitari/ with /kittari/, and discovered that "the 
closure of /k/ in /hakada/ lasts 11.5 centiseconds while 
the closure of long /kk/ in /hakkada/ lasts 31.5 centiseconds. 
In the case of /kitari/ - /kittari/, the closure of the 
short /t/ is 8.5 centiseconds while that of the long /tt/ 
is 25.0 centiseconds. " [p. 711. Delattre (ibid. ) and 
Lehiste et al. (ibid. ) studied the phenomenon of gemination 
in a variety of languages and found out that in these languages 
a geminate consonant is significantly longer than its single 
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cognate, and that consonant duration is regarded as a major 
factor in the linguistic functioning of gemination. McKay 
(op. cit. ) came to the same conclusion when he studied single 
and geminate plosive consonants in Rembarrnga. He stated 
that differences in closure duration between geminate and 
single plosives found in his study for velars and bilabials 
were comparable with those found by Lehiste et al. between 
single and short geminate Estonian plosives. 
Hassan (op. cit. ) investigated vowel duration in 
I. C. Arabic and presented results indicating that the acoustic 
and articulatory durations of a word-medial geminate plosive 
are significantly longer than those of its single partner. 
The two words /fat'taat/ and /fa'taat/ were studied. The 
results showed that the acoustic duration of the geminate 
"is even more than twice of that for the non-geminate. " 
[p. 399]. Our present findings are also in agreement, with 
results reported by Balasubramanian (op. cit. ) who obtained 
kymographic tracings revealing that the duration of the 
'double' (geminate) nasals and laterals in Indian Tamil is 
two and a half times that of their single counterparts. 
Also, if we look back at tables 6.33 and 6.34, it 
is clear that the durational differences between the vowel 
[a] preceding a single consonant and that preceding a 
geminate consonant are acoustically non-significant. The 
mean values of [a] are shown to be insignificantly longer 
before the geminates than those before the singles. From 
table 6.27, it is also clear that there are articulatorily 
non-significant differences between the vowel [a] preceding 
4 
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a single plosive and that preceding a geminate cognate. 
These results are, likewise, consistent with those presented 
in Chapter Three of this study, see tables 3.15 and 3.16 
for /hasan/ versus /hassan/ and tables 3.23 and 3.24 for 
/badal/ versus /baddal/. They strongly suggest that in I. C. 
Arabic vowels occurring in stressed positions maintain their 
original length when they precede word-medial geminate 
consonants. They are, once again, compatible with results 
reported by Delattre (op. cit. ) and McKay (op. cit. ). They 
confirm that the duration of the preceding vowel is consid- 
ered as a negligible factor when distinguishing a geminate 
consonant from its single counterpart. 
Nonetheless, these findings are in contradiction 
with results presented by other researchers who provided 
evidence indicating that vowels preceding single consonants 
are predominantly longer than those preceding geminate conson- 
ants. Hassan (op. cit. ), for instance, contended that the 
shorter acoustic duration of the preceding vowel could be 
ascribed to the advance in closure time of the following 
geminate plosive consonant. He agreed with Slis (1967) in 
suggesting that the advanced closure time of the geminate 
consonant is part of articulatory timing planned at a higher 
linguistic level in which the speaker deliberately executes 
an earlier occlusion onset and maintains a longer occlusion 
time for the geminate for phonological reasons. Hassan 
believed that the shorter acoustic duration of the preceding 
vowel and the longer acoustic duration of the following 
geminate resulted from a similar articulatory programme for 
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the supraglottal articulation. He claimed that these 
acoustic durations could be part of a pattern serving in 
the perceptual realization of gemination as a phonological 
phenomenon. Therefore, he agrees with neither Delattre's 
nor with our results in that duration is considered as a 
major, and probably the only, perceptual cue in distinguish- 
ing a geminate from a single consonant. He assumed that 
the shorter acoustic duration of the preceding vowel "also 
contributes to the perceptual realization of the following 
long consonants as geminate consonants which are acoustically 
shorter and preceded by a relatively longer vocoid. " EpA991. 
However, the perceptual findings of our experiments 
on synthetic speech, see section 4.6, showed that listeners 
could easily distinguish geminate consonants from their non- 
geminate partners when only the consonant duration was varied 
while keeping the duration of the preceding vowel unchanged. 
These findings were in good agreement with Delattre's 
contentions in that his perceptual tests confirmed that 
consonant duration is a major cue for the perception of 
gemination and that the duration of the preceding vowel is 
not a factor in the perception of consonant gemination. His 
results indicated that vowels were not significantly shorter 
before a geminate than before a single consonant. 
Our main experiment does not only show that a 
geminate consonant is significantly longer than its single 
cognate when the two segments are produced initially or 
medially in words uttered with slow speaking rate or in 
words uttered with fast speaking rate, but it also shows 
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that a geminate consonant produced in words spoken with 
fast rate of speech is predominantly longer than a non- 
geminate partner produced in words spoken with slow 
speech rate, see tables 6.83 - 6.89. Evidently, this 
suggests that there is no chance of overlapping, in so far 
as duration is concerned, between a geminate consonant and 
a single cognate and that a geminate is always considerably 
longer than a non-geminate under any circumstances. Follow- 
ing Lehiste (1970, pp. 12-13) 
1 in supposing that the range 
of DL's duration is usually from 10 to 40 msec in sequences 
ranging from 30 to 300 msec, it is quite obvious that the 
durational differences between single and geminate consonants, 
as shown in Figs. 6.13 -6.16, are well above DLs. These 
figures suggest strongly that a listener can distinguish a 
single consonant from a geminate cognate when both segments 
are produced with slow or with fast speech rates. They also 
suggest that a listener would distinguish all single 
consonants from all geminate ones. 
However, at this stage of our discussion of the 
relation between the duration of a consonant and a preceding 
vowel, we believe it is appropriate to refer to the concept 
of temporal compensation which we have already mentioned 
in section 3.3. The idea of temporal compensation has been 
extensively discussed by a number of researchers to show its 
phonetic significance in different languages (e. g. Kozhevnikov 
and Chistovich, 1965; Lindblom, 1968; Lindblom and Rapp, 1973; 
1. See section 4.6.2 for more information. 
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Chen, 1970; Lehiste, 1972; Ohala, 1975; Klatt, 1976; Port 
et al., 1980). These studies have been primarily designed 
to investigate the extent to which temporal compensation 
takes place within spoken utterances. That is, the extent 
or domain of interaction defining the size of the phonolog- 
ical unit that is temporally programmed at some level of 
the speech formation process. (Wright, 1974). They have 
also aimed at determining which linguistic unit, i. e. the 
syllable, the word, or a larger unit, is the basic unit of 
speech timing. For instance, Lehiste (1970,1971) reported 
results which showed that temporal compensation involved all 
segments within the represented monosyllabic and bisyllabic 
CCVC words that she investigated. She found compensation 
taking place between most adjacent phonemes in both types 
of words. Specifically, she always found it occurring between 
a vowel and a following consonant in monosyllabic words. 
Wright (op. cit. ) comments saying that this latter finding 
suggests that "there is a stronger temporal bond or connection 
between a vowel and following consonant than between a 
consonant and following vowel, indicating that the VC syllable, 
rather than the CV syllable, might be the basic unit of 
timing for English utterances. " Cp. 1258]. In another study 
designed by Allen (1970), evidence has been presented suggest- 
ing that the CV syllable is not the basic unit of timing in 
English. On the other hand, Shockey et al. (1971) found no 
evidence supporting either the VC or CV syllable as the basic 
timing unit for English utterances. They found significant 
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negative correlations between the durations of certain 
adjacent segments within a word when it was spoken in a 
larger context. 
The present experiments do not provide evidence 
in support of the idea of temporal compensation. The measure- 
ments presented in the tables, particularly those of /hasan/ 
versus /hassan/ and /badal/ versus /baddal/, do not show any 
evidence of compensation between the lengthening of word- 
medial consonant and a preceding vowel. Durational differ- 
ences between vowels preceding geminate consonants and those 
preceding non-geminate consonants are found to be negligible. 
Our findings are, to a certain extent, compatible with those 
reported by Port et al. (op. cit. )1 who stated that their 
results give minimal evidence of temporal compensation in 
their examined syllables in Arabic and that there is no 
evidence that vowel lengthening for voicing of a following 
consonant is related to the shortening of the consonant 
itself. Moreover, neither on the acoustic nor on the 
articulatory level is there in our data any indication of 
the existence of temporal compensatory adjustment between 
the preceding vowel and the following geminate/non-geminate 
consonant. Our results of Chapter Three and those of the 
present chapter indicate very clearly that the overall 
acoustic and articulatory timings of the sequences /has-/ 
versus /hass-/ and /bad-/ versus /badd-/ as well as those of 
the whole words of /hasan/ versus /hassan/ and /badal/ versus 
/baddal/ are significantly different. Evidently, this signi- 
1. See section 2.4 for more details. 
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fies that temporal compensation does not exist between the 
following geminate/non-geminate consonant and the preceding 
vowel in I. C. Arabic, in so far as our data are concerned. 
These findings may be compared with those reported 
by Hassan (op. cit., p. 397) who assumed that the shorter 
acoustic duration of the preceding vowel might be compen- 
sated for by the duration of the following geminate consonant 
was ruled out by the fact that the overall timings of the 
first syllable as well as the whole word showed very signifi- 
cant differences. He believes that this implies that there 
is no indication of a temporal compensatory adjustment 
between the preceding vowel and the following geminate and/ 
or non-geminate consonant neither on the syllable nor on the 
word levels. Hassan's findings showed similar trends to 
those obtained in our current chapter as well as those 
obtained in Chapter Three of this study. That is, the acoustic 
and the articulatory results do not show any evidence of 
compensation between the lengthening of word-medial consonant 
and a preceding vowel, thus suggesting that durational differ- 
ences between vowels preceding geminate consonants and those 
preceding non-geminate consonants are negligible. 
With regard to the effect of speech rate on the 
acoustic and articulatory durations of consonants and their 
preceding vowels, our data have demonstrated that geminate 
consonants used initially or medially in words spoken with 
slow speaking rate are significantly longer than those used 
in words spoken with fast speaking rate. Single consonants 
have also been shown to be longer when produced with slow 
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speech rate than when produced with fast speech rate. 
Although the results presented in table 6.46 
indicate that speech rate has statistically highly signifi- 
cant effects on the acoustic and the articulatory timings 
of the preceding vowel, suggesting that the acoustic timing 
(tl) and the articulatory timing (T1) of the preceding vowel 
are significantly longer before consonants articulated in 
words said with slow speaking rate than before consonants 
articulated in words said with fast speaking rate, the 
results presented in tables 6.55 -6.58 show quite obviously 
that vowels preceding word-medial fricatives, geminates or 
non-geminates, have insignificant acoustic and articulatory 
durational differences when produced with slow and fast rates 
of speech. Table 6.58, however, shows that for subject AM 
the acoustic timing of the preceding vowel (t1) is signifi- 
cantly longer before a geminate fricative produced in words 
spoken with slow speaking rate than before a geminate frica- 
tive produced in words spoken with fast speaking rate. On 
the other hand, the results shown in tables 6.63 -6.66 indicate 
that only for subject GG the acoustic and the articulatory 
timings of the preceding vowel are significantly longer before 
single and geminate plosives produced in words said with slow 
speech rate than those before single and geminate plosives 
produced in words said with fast speech rate. A close 
inspection of the acoustic and the articulatory measurements 
presented in tables 6.38- 6.45 will reveal the fact that long 
linguistic segments produced with slow speech rate are liable 
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to major reductions in their durations when they are 
produced with fast rate of speech. Segments of short 
duration are less affected by differences in speech rate. 
In section 6.8.1, we have stated that investigators 
have been trying to find out what happens, acoustically and 
articulatorily, when a talker alters his rate of speech. It 
was argued that both the segment durations measured from the 
acoustic record of an utterance and the extent of articulatory 
movements decrease proportionately with an increase in speak- 
ing rate. However, some researchers state that an examination 
of individual segments indicates that some reduce more than 
others, and that voiced consonants reduce the least with an 
increase in speech rate. For instance, Kozhevnikov and 
Chistovich (1965) and Klatt (1976) have documented that vowels 
shorten more than consonants when speech rate increases. 
It is widely known that changes in speaking rate 
exert a complex influence on the durational patterns of a 
sentence. When speakers slow down, a large fraction of the 
extra duration goes into pauses. (Goldman-Eisler, 1968). 
Increases in speaking rate are, on the other hand, accompan- 
ied by phonological and phonetic simplifications as well as 
differential shortening of vowels and consonants. Gay et al. 
(1974) contend that there is a complex reorganization of the 
motor commands to the articulators such that consonantal 
gestures are strengthened as speaking rate is increased, but 
the motor commands for vowels are not enhanced. 
Our present data have shown the same tendency as 
that suggested by Gaitenby (op. cit. ) in that not only do 
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vowels shorten at fast rates of speech but also consonants. 
Nevertheless, Gaitenby also states that the time differences 
between fast and slow speakers in speech are greatest in 
vowels in stressed or pre-pause positions. According to 
her, there are numerous, and frequently simultaneous, poss- 
ible factors that influence word duration; some of which 
are physiological, others are linguistic, and still others 
are specific to the individual talker and the occasion. 
Our results indicate that the duration of single consonants 
suffered less reduction than the duration of geminate conso- 
nants when produced at fast speech rate. It has been shown 
that virtually one third of the original duration of a 
geminate consonant, used either initially or medially in 
words spoken with slow rate of speech, was lost when that 
geminate was articulated in words spoken with fast speaking 
rate, see tables 6.38 -6.45. We can, then, postulate that 
the longer the sound segment is the greater the reduction 
it suffers when produced at rapid rates of speech. Since 
geminate consonants are longer than single consonants; there- 
fore they are liable to be greatly shortened at fast speaking 
rates than their single counterparts. 
In contrast to the findings reported by Kozhevnikov 
and Chistovich (op. cit. ) our data showed that consonants 
as well as vowels shorten when speech rate is increased. 
Gay (1978) found that for stressed vowels, an increase in 
speaking rate is accompanied primarily by a decrease in 
duration. That is, the vowel portion is most affected during 
fast speech. We have found that the vowel [a] preceding 
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the geminate/non-geminate consonants loses a relatively 
small amount of its original duration when produced with 
fast rate of speech. This account predicts that, in 
connection with our studied data, consonants shorten more 
than vowels when speech rate increases. This finding is 
inconsistent with the widely accepted fact, originally 
suggested by Lindblom (1963), that during faster speech a 
vowel tends to change colour towards a neutral quality, i. e. 
towards the schwa. Lindblom's original model posits that 
this neutralization is a consequence of the shorter duration 
of the vowel and is caused by a temporal overlap of motor 
commands to the articulators. That is, the articulators 
fail to reach, or undershoot, their targets because the 
next set of motor commands deflects them to the following 
target before the first target is reached. Therefore, in 
producing a vowel the target is reached and the gesture is 
completed if the speaking rate is slow, but if it is fast, 
the movement then is cut off before reaching the final target. 
(Gay, 1968). 
Lindblom's contentions were later discussed by Gay 
et al. (1974) who argued that whereas vowel production 
involves a movement toward a spatial target, the production 
of most consonants involves a movement towards constrictive 
or occlusal targets, thus suggesting that the concept of 
undershoot itself cannot be easily applied to consonant 
production. Their findings indicated converse results to 
those suggested by Lindblom. They stated that the decrease 
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in the activity level of the genioglossus muscle found by 
them shows that undershoot is not a consequence of an over- 
lap in the timing of commands to the muscle, and that "the 
decrease in muscle activity for the tongue during faster 
speech may reflect only the decrease in overall displacement 
of the tongue (and not any changes in its speed of movement). " 
1p. 621. Elsewhere, Gay (1978, p. 223) found that generally 
electromyographic activity associated with tongue body move- 
ments during vowel production decreased during fast speech, 
while activity associated with both labial and alveolar 
plosive consonant production increased with an increase in 
speaking rate. 
6.13.3 The Concept of Invariance in Relation to Our Data 
One of the main objectives of speech research has 
been to characterize the defining properties of speech sounds 
that occur in natural languages, and to determine how the 
listener extracts these properties in the process of speech 
perception. (Mack and Blumstein, 1983). Recently, a number 
of scholars (e. g. Cole and Scott, 1974; Blumstein and Stevens, 
1980,1981; Stevens and Blumstein, 1981) have advanced a 
theory of acoustic invariance which suggests that invariant 
acoustic properties can be derived directly from the acoustic 
signal, and that these properties correspond to the phonetic 
dimensions occurring in natural language. This theory has 
been elaborated in most detail in connection with the place 
of articulation for plosive consonants in a series of 
investigations employing both synthetic and real speech. For 
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instance, Stevens and Blumstein (1978) analyzed a series of 
synthetic continua representing the phonetic categories 
tb, d, g] in the context of the three vowels Ca, i, uJ in 
terms of the spectral characteristics of the stimuli signi- 
fying each phonetic category. The results showed that the 
spectrum obtained by sampling the first 20-odd ursec at 
consonantal release seems to exhibit invariant properties 
for each place of articulation for plosive consonants 
independent of vowel context. (Blumstein and Stevens, 1980, 
p. 649). 
Another endeavour has been made by Blumstein and 
Stevens (1979) to provide a more quantitative measure of 
the degree to which invariant patterns were derivable for 
voiced and voiceless consonants across vowel contexts. The 
results showed that the spectrum at onset does not seem to 
produce an invariant gross shape for place of articulation 
independent of the vowel context. Both the burst and the 
initial part of the transition were shown to contribute to 
this invariance and they together form a single integrated 
acoustic property. Following earlier studies, Mack and 
Blumstein (1983) have stated that "if one focused on the 
notion of integrated properties associated with the stop 
release burst and transitions over the initial 25 msec, 
acoustic invariance could be derived for place of articulation 
in stop consonants. " Cp. 17391. 
Works that dealt with distinction between plosive 
and approximant consonants have employed synthetic speech to 
investigate the effects of manipulation of particular acoustic 
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parameters on the perception of the lb-w] contrast. For 
example, studies carried out by O'Connor et al. (1957), 
Cooper (1976) and Schwab et al. (1981) have included various 
parameters such as rate, extent and duration of the formant 
transitions. The results obtained showed that duration and 
extent seem to be critical perceptual dimensions. However, 
other studies suggest that plosives and approximants may 
differ with respect to a large number of acoustic dimensions, 
including not only transition duration, rate and extent, 
but also presence or absence of a burst, presence or absence 
of low-amplitude periodicity at the onset of the signal, 
and frequency and amplitude of individual formants at onset. 
(Fant, 1960; Lehiste and Peterson, 1961; Pickett, 1980). It 
is assumed that any one of these attributes, or a combination 
of them, may well contribute to an invariant property which 
distinguishes plosive consonants from approximant consonants. 
More recently, Mack and Blumstein's research (1983) 
has concentrated on another phonetic contrast to determine 
the extent to which an invariant acoustic property or 
properties can be derived to characterize the distinction 
between a plosive consonant and an approximant. The results 
of their three experiments indicated that transition durations 
and formant frequencies often differed considerably in these 
two classes of sounds, i. e. the plosive-approximant contrast. 
The results also indicated that larger changes in amplitude 
energy were associated with the plosive release than with 
the approximant release across vowel contexts and speakers. 
In their view, these changes seem to provide an invariant 
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property characterizing the plosive-approximant contrast. 
Mack and Blumstein believe that in the theory of 
acoustic invariance there are implicit claims about the 
perception of speech. They state that such a theory holds 
that the perceptual system responds distinctively to the 
invariant properties derived from the acoustic signal, and 
that it is the presence of acoustic invariance which struct- 
ures the phonological system for the speaker-hearer. If we 
accept this argument, it would then be expected that the 
perceptual system shown in Chapter Four of this study responds 
in a distinctive manner to relative durational differences 
between single and geminate consonants similar to those 
derived from the production data in the present experiments. 
If we consider the findings observed in the whole 
experiments of the present study, and particularly those of 
this chapter, we may suggest that durational differences 
between geminate and non-geminate consonants in I. C. Arabic 
are of the same order of magnitude as those reported in other 
studies (e. g. Obrecht, 1965; Delattre, 1971; Lehiste et al. 
1973; McKay, 1980). Our findings indicated that absolute 
duration is a likely, but probably not the only, candidate 
for an invariant property to distinguish between single and 
geminate consonants in I. C. Arabic. This is partly because 
the duration measures for the geminate and the non-geminate 
consonants do not vary as a function of vowel context, and 
partly because the perceptual system is reportedly non-sensitive 
to vowel duration in making a decision about the geminate or 
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the non-geminate identification. It is clear from the 
acoustic and the articulatory measures presented in this 
Chapter that duration closures associated with single and 
geminate plosives are different. They are also different 
in association with the duration of single and geminate 
fricatives. The geminates are always considerably longer 
than their non-geminate partners whether they are used word- 
initially or word-medially, pronounced by one and the same 
speaker or by different speakers, produced in words spoken 
in isolation or in words spoken in a carrier sentence, 
articulated with slow or with fast speech rates. Therefore, 
we may exclude suprasegmental factors such as those of 
speech rate, consonant position, consonant type and speakers 
from being likely candidates for distinguishing between 
single and geminate consonants in I. C. Arabic. 
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Tables of Pata 
Explanation of Column Headings 
A= Speaker (1=GG, 2=AM). 
B= Rate (1 = "slow", 2 "fast")* 
C= Position (1 - initial, 2= medial) 
D= Type (1 - fricative, 2- plosive) 
E= Single/geminate (1- single, 2- geminate) 
Ti- Articulatory timing of preceding vowel 
T4= Articulatory timing between Ac minimum of [k] and 
that of word-medial [s] or [ss] 
T2 - Articulatory duration of consonant 
Ac = Minimum cross-sectional area of supraglottal 
constriction. 
Po = Oral pressure 
Uo = Volume airflow rate 
Acdurc (t2) = Acoustic duration of consonant 
Acdurv (tl) - Acoustic timing of preceding vowel 
* N. B. "slow" is taken to mean normal speaking rate, as 
opposed to "fast". 
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Table (6.51) 
T-test results (p values) showing the effect of 
'Rate' on the dependent variables when all other 
independent variables (i. e. Speaker = 1, Position 
= 1, Type = 1, Single vs. Geminate = 1) are kept 
constant. 
Variables 
Groups T2 Ac Po Uo t2 
** ** 
Rate 0.113 0.910 0.001 0.532 0.003 
Table (6.52) 
T-test results (p values) showing the effect of 
'Rate' on the dependent variables when all other 
independent variables, (i. e. Speaker = 2, Position 
= 1, Type = 1, Single vs. Geminate = 1) are kept 
constant. 
Variables 
Groups T2 Ac Po Uo t2 
/ 
Rate 0.295 0.666 0.353 0.691 0.106 
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Table (6.53) 
T-test results (p values) showing the effect of 
'Rate' on the dependent variables when all other 
independent variables (i. e. Speaker = 1, Position 
= 1, Type = 1, Single vs. Geminate = 2) are kept 
constant. 
Variables 
Groups T2 Ac Po Uo t2 
Rate 0.001 * 0.141 0.370 0.052 0.001 
Table (6.54) 
T-test results (p values) showing the effect of 
'Rate' on the dependent variables when all other 
independent variables (i. e. Speaker = 2, Position 
= 1, Type = 1, Single vs. Geminate = 2) are kept 
constant. 
Variables 
Groups T2 Ac Po Uo t2 
Rate 0.000 
* 
0.372 0.263 0.421 0.002** 
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Table (6.59) 
T-test results (p values) showing the effect of 
'Rate' on the dependent variables when all other 
independent variables (i. e. Speaker = 1, Position 
= 1, Type = 2, Single vs. Geminate = 1) are kept 
constant. 
Variables 
Groups T2 Po t2 
** 
Rate 0.002 0.156 0.599 
Table (6.60) 
T-test results (p values) showing the effect of 
'Rate' on the dependent variables when all other 
independent variables (i. e. Speaker = 2, Position 
= 1, Type = 2, Single vs. Geminate = 1) are kept 
constant. 
Variables 
Groups T2 Po t2 
* ** Rate 0.014 0.063 0.000 
-516- 
Table (6.61) 
T-test results (p values) showing the effect of 
'Rate' on the dependent variables when all other 
independent variables (i. e. Speaker = 1, Position 
= 1, Type = 2, Single vs. Geminate = 2) are kept 
constant. 
Variables 
Groups T2 Po t2 
** ** 
Rate 0.001 0.874 0.000 
Table (6.62) 
T-test results (p values) showing the effect of 
'Rate' on the dependent variables when all other 
independent variables (i. e. Speaker = 2, Position 
= 1, Type = 2, Single vs. Geminate = 2) are kept 
constant. 
Variables 
Groups T2 Po t2 
Rate 0.016 0.718 0.021 
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Table (6.67) 
T-test results (p values) showing the effect of 
'Single vs. Geminate' on the dependent variable 
when all other independent variables (i. e. 
Speaker = 1, Position = 1, Type = 1, Rate = 1) 
are kept constant. 
Variables 
Groups T2 Ac Po üo t2 
Single ** * ** 
vs. 0.000 0.315 0.028 0.430 0.000 
Geminate 
Table (6.68) 
T-test results (p values) showing the effect of 
'Single vs. Geminate' on the dependent variables 
when all other independent variables (i. e. 
Speaker = 2, Position = 1, Type = 1, Rate = 1) 
are kept constant. 
Variables 
Groups T2 Ac PO Uo t2 
Single ** ** ** vs. 0.000 0.019 0.071 0.020 0.000 
Geminate 
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Table (6.69) 
T-test results (p values) showing the effect of 
'Single vs. Geminate' on the dependent variables 
when all other independent variables (i. e. Speaker 
= 1, Position = 1, Type = 1, Rate = 2) are kept 
constant. 
Variables 
Groups T2 Ac Po Uo t2 
Single ** ** * ** 
vs. 0.000 0.006 0.296 0.027 0.000 
Geminate 
Table (6.70) 
T-test results (p values) showing the effect of 
'Single vs. Geminate' on the dependent variables 
when all other independent variables (i. e. Speaker 
= 2, Position = 1, Type = 1, Rate = 2) are kept 
constant. 
Variables 
Groups T2 Ac Po Uo t2 
Single ** * ** * ** 
vs. 0.000 0.032 0.007 0.046 0.003 
Geminate 
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Table (6.75) 
T-test results (p values) showing the effect of 
'Single vs. Geminate' on the dependent variables 
when all other independent variables (i. e. 
Speaker = 1, Position = 1, Type = 2, Rate = 1) 
are kept constant. 
Variables 
Groups T2 Po t2 
Single ** ** ** 
VS. 0.000 0.000 0.000 
Geminate 
Table (6.76) 
T-test results (p values) showing the effect of 
'Single vs. Geminate' on the dependent variables 
when all other independent variables (i. e. 
Speaker = 2, Position = 1, Type = 2, Rate = 1) 
are kept constant. 
Variables 
Groups T2 Po t2 
Single ** ** 
vs. 0.000 0.237 0.000 
Geminate 
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Table (6.77) 
T-test results (p values) showing the effect of 
'Single vs. Geminate' on the dependent variables 
when all other independent variables (i. e. 
Speaker = 1, Position = 1, Type = 2, Rate = 2) 
are kept constant. 
Variables 
Groups T2 Po t2 
Single ** ** ** 
vs. 0.000 0.002 0.000 
Geminate 
Table (6.78) 
T-test results (p values) showing the effect of 
'Single vs. Geminate' on the dependent variables 
when all other independent variables (i. e. 
Speaker = 2, Position = 1, Type = 2, Rate = 2) 
are kept constant. 
Variables 
Groups T2 Po t2 
Single ** ** ** 
vs. 0.000 0.007 0.000 
Geminate 
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Table (6.83) 
T-test results (p values) showing the degree of 
interaction between a single fricative spoken with 
slow speaking rate and its geminate cognate spoken 
with fast speaking rate in word-initial position. 
Subject T2 t2 
** ** 1 0.000 0.001 
** ** 2 0.000 0.009 
Table (6.84) 
T-test results (p values) showing the degree of 
interaction between a single fricative spoken with 
slow speaking rate and its geminate cognate spoken 
with fast speaking rate in word-medial position. 
Subject T2 t2 
1 0.000** 0.000** 
** ** 
2 0.000 0.000 
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Table (6.85) 
T-test results (p values) showing the degree of 
interaction between a single plosive spoken with 
slow speaking rate and its geminate cognate 
spoken with fast speaking rate in word-initial 
position. 
Subject T2 t2 
** ** 1 0.000' 0.000 
** ** 
2 0.001 0.001 
Table (6.86) 
T-test results (p values) showing the degree of 
interaction between a single plosive spoken with 
slow speaking rate and its geminate cognate 
spoken with fast speaking rate in word-medial 
position. 
Subject T2 t2 
** ** 1 0.000 0.000 
** ** 2 0.000 0.000 
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Table (6.87) 
T-test results (p values) showing the degree of 
interaction between a single fricative spoken with 
slow speaking rate and its geminate cognate spoken 
with fast speaking rate in word-initial and word- 
medial positions. 
Subject T2 t2 
** ** 
1 0.000 0.000 
** ** 
2 0.000 0.000 
Table (6.88) 
T-test results (p values) showing the degree of 
interaction between a single plosive spoken with 
slow speaking rate and its geminate cognate 
spoken with fast speaking rate in word-initial 
and word-medial positions. 
Subject T2 t2 
** ** 1 0.000 0.000 
** ** 2 0.000 0.000 
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Table (6.89) 
T-test results (p values) showing the degree of 
interaction between single fricative and plosive 
consonants spoken with slow speaking rate and 
their geminate cognates spoken with fast speaking 
rate in word-initial and word-medial positions. 
Subject T2 t2 
** ** 1 0.000 0.000 
** ** 2 0.000 0.000 
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CHAPTER SEVEN 
CONCLUSIONS AND SUGGESTIONS FOR FURTHER 
INVESTIGATIONS 
7.1 Conclusions 
The foregoing chapters of this study are an attempt 
to elucidate certain phonetic and phonological aspects of 
the geminate/non-geminate contrast in I. C. Arabic. The 
final conclusions that could be drawn from the data indicate 
that duration plays a vital role in distinguishing single 
consonants from geminate consonants. An examination of the 
durational contrasts between single and geminate consonants 
has shown that geminate consonants are always considerably 
longer than their non-geminate partners whether they are 
produced in isolated words or in context. Our results 
strongly suggest that consonant duration is regarded as a 
major factor in the linguistic functioning of gemination. 
Differences in speech rate have shown some very 
interesting effects on the distinction between single and 
geminate consonants in I. C. Arabic. For instance, a geminate 
consonant is not only considerably longer than its non- 
geminate cognate when the two segments are articulated either 
in words spoken with slow speech rate or in words spoken with 
fast speech rate, but also a geminate consonant produced in 
words spoken with fast speaking rate is significantly longer 
than a single counterpart produced in words spoken with 
slow speaking rate. This quite obviously indicates that 
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temporal overlapping between a geminate consonant and its 
single cognate never occurs under any circumstances. 
Further, geminate consonants used in words uttered with 
slow speaking rate are significantly longer than those used 
in words uttered with fast speaking rate. Single consonants 
have also been shown to be longer when produced with slow 
speech rate than when produced with fast speech rate. Long 
segments produced with slow speech rate suffer major reduc- 
tions in their durations when they are produced with fast 
rate of speech. On the other hand, segments of short 
duration are less affected by differences in speech rate. 
This suggests that the longer the sound segment is the 
greater reduction in its duration it suffers when it is 
produced at rapid rates of speech. Since geminate consonants 
are longer than single consonants, they are then liable to 
be more severely shortened at fast speech rates than their 
single partners. 
In contrast with previous studies (see section 5.13.1), 
our present study presents evidence that not only vowels are 
shortened when speech rate is increased but also consonants. 
Our current data bear testimony to the fact that the 
consonantal portion within an utterance is more affected by 
an increase in speech rate than the vocalic portion. The 
vowels lose only a relatively small amount of their original 
durations when produced with fast rate of speech; whereas 
the consonants shorten more than the vowels when speech rate 
increases. Vowels occurring in stressed positions maintain 
their original length when they precede or follow an inter- 
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vocalic geminate consonant used in words spoken in isolation 
or in contextual utterance. 
In distinguishing a geminate consonant from a 
single one, the duration of the preceding vowel is a neglig- 
ible factor. Vowels preceding single consonants are not 
significantly different from those preceding geminate 
consonants except, in articulatory timing, before fricatives. 
The insignificant acoustic durational differences between a 
vowel preceding a geminate consonant and that preceding a 
single consonant could be ascribed to the fact that the 
friction noise of a fricative or the closure time of a 
plosive for both the geminate and the non-geminate virtually 
starts at the same time but it lasts predominantly longer 
with geminate than with non-geminate consonants. In addition, 
our data do not provide evidence in support of the idea of 
temporal compensation. The measurements do not show any 
evidence of existing compensation between the lengthening of 
an intervocalic consonant and a preceding vowel; and they 
show that durational differences between vowels preceding 
geminate consonants and those preceding non-geminate consonants 
are negligible. Neither on the acoustic nor on the articula- 
tory levels is there in our data any indication of the exis- 
tence of temporal compensatory adjustment between the preceding 
vowel and the following geminate/non-geminate consonant. 
From the aerodynamic point of view, geminate 
consonants are generally accompanied by higher intraoral 
pressure than their non-geminate partners no matter whether 
they are occurring word-initially or word-medially, produced by one 
l 
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and the same speaker or by different speakers, used in 
words said with slow speech rate or said with fast speech 
rate. These findings have been shown to give further 
support to previous findings reported by Hixon (1966). 
Also, oral airflow is greater for single fricative conso- 
nants than for their geminate counterparts, and minimum 
cross-sectional area of constriction is significantly smaller 
for a geminate fricative than for a single cognate. The 
considerable differences in oral airflow and oral pressure 
between a single [s] and a geminate Ess] are associated with 
the degree of constriction in the supraglottal vocal tract. 
But there could be other factors operating too, at the 
glottis, or in the subglottal articulators. There is a 
closer approximation between the articulating organs, namely 
the tip or blade of the tongue and the alveolar ridge, 
during the articulation of Ess] than during the articulation 
of [s]. In consequence, this results in greater intraoral 
pressure and lower airflow rate for the geminate and lesser 
intraoral pressure and higher airflow rate for the non- 
geminate. At the same time, evidence has been provided 
indicating that there is higher intraoral pressure during 
the articulation of single and geminate voiceless fricatives 
than during the articulation of single and geminate voiced 
plosives. Such a finding signifies that the closure of the 
glottis, a necessary requisite to produce voicing, increases 
the resistance within the vocal tract and, accordingly, 
reduces the flow rate. 
Articulatorily speaking, evidence has been presented 
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showing that the tongue touches the palate more firmly and 
over a greater contact area during the production of 
geminate consonants than during the production of non- 
geminate ones. The firmer contact between the articulating 
organs is inferred from a clearer and more extensive removal 
of the marking medium, as shown on the palatograms, for the 
geminates than for the non-geminates. The greater mechani- 
cal pressure and the larger area of contact are probably 
associated with the longer duration of contact for the 
geminates. The clearer and greater wipe-off associated with 
the geminate consonants is presumably a natural outcome of 
a greater pressure exerted by the tongue against the palate 
during the articulation of the geminates than during the 
articulation of the non-geminates. 
Moreover, it has been found that intraoral air pressures 
and airflow rates are consistently higher for voiceless 
consonants than for their voiced cognates regardless of diff- 
erences in speech rate as well as differences in speakers. 
Intraoral pressure, oral airflow and minimum cross-sectional 
area of supraglottal constriction do not appear to change 
significantly with changes in rate of speech, suggesting that 
geminate and non-geminate consonants produced with fast speech 
rate show insignificant differences in oral pressure, oral air- 
flow and minimum cross-sectional area of constriction from 
geminate and non-geminate consonants produced with slow speech 
rate. We, therefore, assume that during increased speed 
of geminate versus non-geminate articulations the manner in 
which the investigated consonants are produced does 
-536- 
not change significantly. Also, because oral pressure and 
oral airflow do not change with changing speech rate, we 
find it reasonable to assume that the shape of the supra- 
glottal constriction may not have changed at different 
speaking rates. 
From the perceptual point of view, our speech 
synthesis experiments have shown that listeners could easily 
distinguish geminate consonants from their single counter- 
parts when the duration of the preceding vowel remained un- 
changed. The perceptual tests confirmed that consonant 
duration is a major cue for the perception of gemination; 
the duration of the preceding-vowel does not appear to con- 
tribute to the. perceptual realization of the following long 
consonant as a geminate consonant. ' The durational differ- 
ences in geminate/non-geminate consonants are far beyond 
the DL values and are, therefore, perceptually significant 
for the listeners judgment of the geminates as long conso- 
nants; hence they are phonologically distinctive. On the 
other hand, the insignificant durational differences of 
vowels preceding geminate/non-geminate consonants hover 
around the DL values. They are then neither phonetically 
nor phonologically significant. 
Perhaps the most interesting conclusion drawn from 
this study is that gemination in Arabic does not involve a 
rearticulation of the same consonant. Phonetically, there 
is no evidence that the production of word-initial or word- 
medial geminate consonant involves double articulation. It 
is produced as one long indivisible consonant. Besides, 
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our data have suggested that duration is a likely, but 
probably not the only, candidate for an invariant acoustic 
property to distinguish between single and geminate conso- 
nants in I. C. Arabic. 
7.2 Suggestions for Further Investigations 
Our present study is the most comprehensive experi- 
mental investigation of consonant gemination in Arabic to 
date. There still remain a number of points that need to 
be further investigated so as to clarify the overall picture 
and shed more light on the single/geminate contrast in 
Arabic. 
It would be interesting if further research examined 
the distinction between voiced and voiceless geminates to 
find out what really differentiates between a voiced geminate 
and a voiceless partner, especially in so far as the articu- 
latory and the aerodynamic processes are concerned. It 
would also be interesting if a more sophisticated experiment 
on synthetic speech is conducted, provided that it should 
aim at pursuing whether the single/geminate contrast reflects 
a genuine case of the phenomenon of categorical perception. 
In this case one would not only need to conduct parallel 
experiments using the same duration continuum to test for 
peaks in the discrimination function, but he would also need 
to do further synthetic experiments to illustrate non-cate- 
gorical perception. 
Geminate consonants can be emphatic (i. e. mufaxxama) 
as well as non-emphatic. To assess the distinction between 
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an emphatic geminate and a non-emphatic counterpart, an 
articulatory investigation in which cinefluorography is 
employed is required. The obtained X-ray motion pictures 
should show the articulatory movements of the larynx as 
well as the other speech organs above the larynx. Further- 
more, an electromyographic investigation is of necessity 
to investigate whether an extra muscle activity is involved 
in the production of geminate consonants. 
It would be of interest to register the timing of 
glottal opening and closing gestures in connection with 
the opening and closing gestures of the supraglottal con- 
striction while producing geminate consonants. To achieve 
this goal, one would need to use either photo-electric 
glottography to measure the relative amount of light trans- 
mitted through the glottis, or electro-laryngography to 
measure the relative conductance or impedance across the 
vocal folds. The latter technique measures the duration 
of vocal fold closure in each vibratory cycle, but it tells 
nothing about the width or shape of vocal fold opening; 
whereas the former technique allows us to obtain information 
on the area of glottal opening as an indirect measure of 
vocal fold adjustment. It gives no information on the 
shape of the glottis but only on the extent of the opening. 
(Borden and Harris, 1980). These two techniques would be 
of great value in further investigation of the Arabic 
pharyngeal geminates. 
We still believe that a more sophisticated 
experiment using electro-palatography is of ultimate necessity 
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to examine tongue-palate contact during the articulation 
of geminate/non-geminate consonants. This will greatly 
help to confirm the findings we have presented in our 
direct palatography experiment. 
Finally, it must be recognized that, although there 
are great practical difficulties in obtaining subjects for 
physiological experiments, one would ideally wish to work 
with a larger group of subjects. 
APPENDICES 
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Appendix (1) 
SPS256 
A Program for Speech Synthesis with a PET Computer and 
a Computalker Speech Synthesiser. 
INSTRUCTION MANUAL 
Written by Janak Gandhi and Peter Roach 
January 1980 
Department of Linguistics and Phonetics 
University of Leeds 
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1. Introduction 
This manual explains how to use the SPS256 program 
to synthesise speech. The general principles are explained 
in this section, and the detailed operating instructions 
are in the following sections. The program has been designed 
to let you gain experience in manipulating acoustic phonetic 
parameters as simply as possible; however, you must be clear 
that speech synthesis is a slow and laborious job that 
requires patience, and that the computer will only work 
properly if you use it according to the instructions. 
The Computalker synthesiser has nine parameters, 
and we begin by explaining what these are. Firstly, there 
are four amplitude parameters relating to the four basic 
kinds of sound the synthesiser can produce: AV for vowels 
and vowel-like sounds, AH for aspiration, AF for fricative 
noise and AN for a nasal sound. Any value for any of these 
must be in the range 0 to 225, where 255 is the maximum 
amplitude. The figures do not correspond. to any physical 
scale. If we want a vowel, the value of AV must be high 
enough to produce audible vowel-type sound and the other 
three amplitudes must be at zero. If on the other hand we 
want a voiceless fricative other than Ch] we must have AF 
above zero and the other three amplitudes at zero. We can, 
of course, combine these sounds by having more than one 
amplitude parameter above zero, but we will not discuss this 
here in order to keep things simple. 
AV and AN are parameters that involve voicing, 
while AF and AH involve noise. Any voiced sound must have 
i 
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a fundamental frequency, so we can now introduce another 
parameter, FO. The values for this parameter are in Hz, 
with a range from 74 to 464 Hz. 
The remaining four parameters relate to spectral 
characteristics. For vowels and vowel-like sounds it is 
necessary to have values for the first three formants. The 
ranges are as follows (in Hz): 
Parameter Minimum Maximum 
F1 175 1452 
F2 527 4356 
F3 1704 5508 
Finally, there is a fricative formant FF, with a frequency 
range of 1705 to 14160 Hz. 
To produce reasonably clear speech, the synthesiser 
must be fed with values for each parameter at least 100 times 
per second. To provide these 900 numbers per second manually 
would be impossibly lengthy even if you could do it fast 
enough; it is the computer's job to produce these very large 
quantities of numbers, and it is the user's job to give the 
computer the information it needs in order to generate the 
correct numbers. Let us now look at some simple examples to 
see how this is done. 
If we wish to produce a steady vowel as in Fig. 1, 
clearly all we need to do is give the appropriate values to 
the computer and tell it how long to keep sending these values 
to the synthesiser every hundredth of a second (or whichever 
other "frame rate" is chosen). Thus we could add to the nine 
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parameter values a tenth specifying the duration, so that 
the data for this vowel might look this this: 
AV 200 (an arbitrary choice) 
FO 100 
Fl 500 
F2 1500 
F3 2500 
Table 1 AR 0 
AF 0 
FF 5000 (frequency parameters must always 
have a value in their appropriate 
range) 
AN 0 
PD 200 (duration in msec) 
Now let us consider how we would produce a vowel glide as 
in Fig. 2. Obviously we want to let the computer do the 
calculation of the values intermediate between point 1 and 
point 2. We could do this by giving the computer two sets 
of data, one for the starting values (plus the duration of 
the vowel glide) and the other for the finishing values. 
Since these finishing values are only to be reached at the 
end, we make the duration (PD) for point 2 zero. So we give 
the computer the values in Table 2 and let the computer work 
out the numbers to be fed to the synthesiser. 
Point 1 Point 2 
AV 200 AV 200 
FO 100 FO 100 
Fl 800 Fl 250 
F2 1500 F2 2000 
Table 2 F3 3000 F3 3000 
AH 0 AH 0 
AF 0 AF 0 
FF 5000 FF 5000 
AN 0 AN 0 
PD 200 PD 0 
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We now have a problem. If the computer is 
programmed to work out a straight line from point to point 
as in the above example, how could we produce a sudden jump 
as in Fig. 3? The program has been designed to make this 
possible. Since minus values of parameters are impossible, 
we give a minus sign to any parameter which is to stay as it 
is until the next point. It will then stay steady, and if 
the value at the next point is different it will do a sudden 
jump to that value. So the data to produce an output like 
Fig. 3 will be as in Table 3. 
Point 1 Point 2 
AV 200 AV 200 
FO 100 FO 100 
Fl - 800 F1 250 
F2 -1500 F2 2000 
Table 3 F3 3000 F3 3000 
AH 0 AH 0 
AF 0 AF 0 
FF 5000 FF 5000 
AN 0 AN 0 
PD 200 PD 0 
To end the sounds clearly, the computer produces 
silence after transmitting the last values. Thus in the 
above example, once the last values are transmitted the 
vowel amplitude (AV) will suddenly drop from 200 to 0. If 
we want the sound to decay away to silence gradually, we 
need to add Point 3 at the end, in which AV has the value 
0. When we give a PD value of zero for a point, that point 
will in fact have a duration of a single "frame" - for 
example, if the user selects a rate of 100 frames per second 
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(intervals of 10 msec), a PD value of zero will result in 
a duration of 10 msec. 
Point 1 Point 2 Point 3 
AV 200 AV 200 AV 0 
FO 100 FO 100 FO 100 
Fl - 800 Fl 250 Fl 250 
F2 -1500 F2 2000 F2 2000 
F3 2500 F3 2500 F3 2500 
AH 0 AH 0 AH 0 
AF 0 AF 0 AF 0 
FF 5000 FF 5000 FF 5000 
AN 0 AN 0 AN 0 
PD 200 PD 100 PD 0 
A lot of practical experience is necessary to produce 
convincing sounding synthetic speech, but the basic prin- 
ciple of this system should now be clear: it is that the 
user decides the points in time at which important changes 
in acoustic structure take place, and whether there is a 
gradual or an abrupt change from the values of one point 
to the values of the following point. How many points are 
used depends to some extent on how precise the specification 
of the acoustic structure of the speech is to be. On average 
perhaps three or four points per phoneme are necessary. 
We will conicude the introduction with a brief 
summary of how we do speech synthesis. 
(i) The user decides what speech is to be synthesised. 
Almost always this will involve working from a 
spectrogram that has been segmented and measured. 
(ii) The data for each point is entered on the coding 
sheet. 
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(iii) The computer, synthesiser and related equipment 
is switched on, the program loaded and set in 
operation. 
(iv) Point data is typed into the computer's memory, 
and the computer creates the data frames. 
(v) - The user can examine the data in its final forms 
on graphs on the computer screen or printer, and 
can listen to the result. 
(vi) If the Ferrograph Logic 7 tape recorder is connected, 
the speech can be automatically recorded. 
(vii) The point data can be stored in digital form in 
cassette for later re-use. 
2. Operating Instructions 
As described in the previous section, to synthesise 
speech the basic role of the computer is to read parameter 
values at discrete points, calculate intermediate values 
and send them to the synthesiser at a specified rate. The 
program SPS256, besides doing the above, also provides 
facilities for editing, displaying and saving data. 
The program has been designed to simplify the user's 
task as much as possible. Whenever interaction with the 
user is needed, the program causes messages to be displayed 
and most of them are self-explanatory. 
Basically, the program is a monitor; it accepts the 
user's commands from the keyboard, carries out the required 
job and waits for the next command. All commands that it 
can accept are abbreviated to a single letter and are 
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explained later. Also the parameter names have been 
abbreviated to two characters. 
Depending on the status of the program, certain 
commands or even the data values may not be accepted, in 
which case a message explaining the reason for rejection 
is displayed and the program waits either for the next 
command or a new data value. Whenever a '*' is displayed 
on the screen it indicates that it is ready and waiting 
for a command. When a '? ' is displayed, it means that the 
user is being asked to input a data value or a parameter 
name as specified by whatever precedes '? ' on the screen. 
We now look at how we make the program ready for 
the first time. To do this, the program must be loaded in 
the computer's memory and activated. The following steps 
are required: 
i) switch on the computer, the synthesiser and the 
Ferrograph 
ii) load the tape no. I on tape unit with SPS256 side up 
iii) type: LOAD "SPS256" and press RETURN key 
iv) press PLAY of tape unit when the message 
PRESS PLAY ON TAPE 1 appears on screen 
v) READY will be displayed when the program has been 
loaded into the memory. Rewind tape and take it 
out. 
vi) type: RUN and press RETURN. The screen will show 
* THIS IS THE SPEECH SYNTHESIS PROGRAM ENTER COMMAND 
* 
and the program is ready to accept your command. 
-548- 
The command should be just its abbreviation, it 
should not be followed by RETURN. On the other 
hand, each data value or name should be terminated 
by RETURN. 
If at any stage, following a command, RETURN is 
pressed by mistake and the program halts, type in 
GOTO 180 
The execution will restart and the command can be 
entered again. 
Now follows the description of various commands, their 
functions and requirements. 
I INPUT of data to computer. 
Once the program is activated this has to be the first 
command to feed data to the program. Also when the 
user has finished with one set of data, it makes it 
possible to read in fresh data for new speech production, 
without reloading or restarting the program. 
The program can accept data either from keyboard or 
from digital tape. When the command I is typed in, 
the computer will ask 
WHICH SOURCE? 
Type in T or K depending on whether the data is on 
tape or has to be entered from the keyboard. If tape 
is being used, the user must know the datafile name 
assigned at the file creation line, and enter it when 
asked for. 
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When fresh data is being entered, the program requires 
to know the number of points and frame interval before 
taking in data so it will display 
NUMBER OF POINTS? and 
FRAME INTERVAL? 
successively. 
There should be at least two data points and the 
maximum number can be 256. If the number does not 
lie in this range, an error message will be displayed 
and a new number will be asked for. 
Frame interval is the duration between two consecutive 
frames. Generally it. is 10 msec. Its value should 
always be greater than zero and should not exceed 45. 
Now we turn to the actual data - the values of various 
parameters for each point, the point number is displayed, 
and then follow the parameter names one at a time 
followed by '? '. The values of the parameter name 
displayed is typed in, the next name will be displayed. 
It continues until all the values for each point have 
been read in. At the end a "*" will be displayed to 
indicate the end of input and the program waits for 
next command. 
The value of the tenth parameter PD, the point duration, 
should be multiple of the frame interval, otherwise it 
will be rejected, and two nearest acceptable values will 
be displayed with an error message. The user should 
choose and enter a new value. 
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D DISPLAY of points data on screen. 
The entered data can be inspected on the screen, before 
proceeding further. But because of the limited size 
of the screen, only five points can be displayed at a 
time. Thus points are divided in segments or groups 
of five points each. The last segment may have five 
or less points. When the command D is accepted, the 
screen will display 
WHICH SEGMENT? 
It will also be displayed after a segment whose number 
was typed in response is displayed. A segment number 
should be less than (INT (No. of pts. /5) + 1) (INT (n) 
means integer part of number n) Segment number 0 will 
terminate the command. 
L LISTS data for all the points on printer. 
Before entering the command, switch on the printer if 
it is off. (Note: If command G has been executed before, 
switch off and then switch on the printer). 
M MODIFY one parameter value for one point at a time. 
The computer has to know what parameter, and which 
point. It will ask the user 
WHICH POINT? 
and WHICH PARAMETER? 
successively. Then it will show the old value in the 
memory and asks for new value. 
OLD VALUE -- NEW VALUE? 
If PD is being modified, the new value should be a 
multiple of the frame interval. 
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O OVERALL modification. 
This is a powerful command and saves the user from 
entering large quantities of data again. It can perform 
three functions depending upon the user's response to 
the question. ' 
WHICH PARAMETER? 
immediately following the command 0. 
The three possible responses and their functions are: 
i) FI: Will change the value of frame interval. It 
will display the old value and request a 
new value. 
The calculation of intermediate frame values 
depends on the size of FI. If FI is changed 
after the intermediate values have been 
calculated, it will be of no significance. 
But the program takes care to check that all 
PD's are multiples of new FI and also rejects 
the frame values if they have been created. 
If it finds a PD that is not a multiple of FI, 
its point number and two nearest feasible 
values will be displayed. So if the user is 
modifying FI, he must take care to observe 
messages and modify the invalid PD's using M 
command. 
ii) NO: Modifies total number of points in memory. 
It can only append new points but cannot insert 
any point. 
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The computer will ask for - 
NO. OF PT's TO BE ADDED? 
Then checks that the total number does not 
exceed 256; if this happens, the number will 
be rejected and a new number will be asked 
for again. Having accepted the number of 
points to be appended, it will proceed to 
input parameter values as during the command I. 
This command is useful in cases where the 
user has to enter data for a large number of 
points, then instead of entering all the data 
at one time it can be entered partially. Care 
must be taken that each time the number of 
points specified should be the number to be 
entered and not the total number. 
iii) Any parameter name to modify all values of 
that parameter by a specified percentage. As 
soon as the parameter name is accepted the 
next question on screen will be 
WHAT % AGE? 
Enter the % age value by which the parameter 
has to be shifted throughout. Again if PD 
is being modified, the individual PD values 
appearing in error messages should be corrected. 
S SAVE data on digital tape. 
This command will save data on tape in the same order 
as is required by the program. Thus it can be used as 
input later. 
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Before saving the data the computer will ask you to 
give file name, and the data file will be assigned 
that name. When data has to be read as input, it can 
be accessed only by this filename. So the user must 
take care to keep a record of the filename and cassette 
no. used to save data. 
When the computer prints "PRESS PLAY AND RECORD" please 
note that you must press RECORD before PLAY. 
C CALCULATES the intermediate frame values. 
This command will not be accepted if there exists some 
illegal values of PD and the message 
MODIFY PD 
will be displayed. User must check and modify PD's for 
all points, because partial modification will mask the 
error detection and the resulting speech not be accurate. 
While it is busy in calculation the screen will show 
GENERATING DATA FRAMES 
until a '*' appears. 
If a parameter value is out of its range or a last 
point parameter value should have a minus sign while its 
duration is more than FI, the program will be terminated 
by the error message. 
ILLEGAL QUANTITY ERROR IN 1340 
Then to restart the program type in 
GOTO 180 
and check all the values carefully and modify the error 
values. 
ell 
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The following commands are invalid until the command 
C has been executed, because they all need the inter- 
mediate values. If C has not been executed the error 
message 
INVALID COMMAND, FRAMES NOT CREATED 
will be displayed and control will be returned to monitor 
waiting for a command. 
P PLAY will pass the data to the synthesiser, enabling the 
user to hear the speech. A period of silence is 
introduced between the moment of typing P and the 
beginning of the speech in order to allow the user to 
get ready to listen. The duration of the silence can 
be chosen and entered by the user when the screen displays 
ENTER INITIAL SILENCE DURATION IN SECS 
The user may wish to listen to the speech many times. 
This can be done by repeatedly typing P, but the user 
does not need to keep entering the silence duration. 
Once accepted, it is saved by the program until the user 
terminates the P command. The P command is terminated 
when the user types X (i. e. exit to monitor). Once the 
command P is started any command other than P will be 
invalid and will be rejected until X is typed. 
R RECORDS the synthesised speech on the Ferrograph Logic 7. 
The program switches the tape recorder on and off before 
and after recording. To separate this sound from any 
other previous recording and to leave some gap between 
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two consecutive recordings, silence may be recorded 
before and after the actual sound. The durations of 
the initial and final silence have to be specified by 
the user, for which the display is 
ENTER INITIAL & FINAL DURATIONS IN SECS 
G GRAPH on printer. 
Make sure that printer is on. 
The immediate question following the command acceptance 
is 
WHICH PARAMETER? 
for the parameter specified in response, its graph 
against time will be plotted on the printer. 
A wrong parameter name will produce the error message 
INVALID PARAMETER 
and the program will wait for a new parameter name. 
V Graphic display on VDU. 
As in G, first the parameter name has to be entered when 
asked for. Next, the computer will ask 
WHICH SEGMENT? 
As in case of D, due to the screen size limitation only 
35 frames can be plotted at a time. Thus the whole 
-range of frames is divided in segments of 35 frames each. 
A segment number should be smaller than CINT (TOTAL No. 
of frames/35) + 11. 
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A segment display will remain on screen as long as 
the user does not press any key; as soon as any key 
is pressed, the screen will clear and the program 
will again ask for segment no. When the user does 
not want to display any other segment, a0 should be 
entered for segment no. to eliminate the V command. 
E EXIT from the program. 
This will halt the program. 
3. Some Guidelines for Data Manipulation 
i) The number of points should be greater than one and 
less than or equal to, 256. 
ii) The value of FI (frame interval) should be less than 
40. 
iii) Each parameter value should lie in its range. A 
table of parameter limit values is given below. 
iv) The value of PD (the point duration) should be a 
multiple of FI (the frame interval). 
v) For a point lasting one frame only, PD can have 
value 0 or be equal to FI. 
vi) For a parameter which has to remain steady during 
the duration. of a point and whose value at the next 
point is different, a minus sign should be assigned 
to its value. 
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vii) As -0 can't be distinguished from 0, a parameter 
which has to remain steady at value 0 should be 
assigned the value -1. 
viii) If the last point has a duration value greater than 
FI all non-zero parameter values should be assigned 
a minus sign and 0 need not be replaced by -1. If 
PD is 0 or FI, the minus sign is optional. 
ix) The value of PD should never have a minus sign. 
4. Precauations and Suggestions 
1) Always take out the program tape after loading the 
program into memory. 
2) When reading data from tape, give the correct file- 
name. 
3) If the data is being saved on tape for later use, 
keep a record of the tape number and filename. If 
any datafiles are not required any more, delete their 
names from tape directory so that they can be used. 
4) Do not end a command by pressing RETURN. On the 
other hand always terminate data values by RETURN. 
5) If data for a large number of points has to be entered 
it may be entered in sections. The command 0 followed 
by NO makes this possible to begin with. Enter data 
for a limited number, save it and append new points. 
6) It is better for large sections of data to be saved 
before proceeding further, as one may accidentally 
destroy data. 
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7) If one wants to use same tape for saving more than 
one datafile it is possible only if the next data 
is entered and saved in the same operation. When the 
first datafile has been saved, do not rewind the 
tape and do not remove it. 
8) Whenever the command G has been executed and the 
printer has to be used for any other purpose, switch 
the printer off and then on again. 
5. Error Messages 
An error message may be generated by the program or 
by the system. If it is generated by the program, the 
execution will not be terminated, whereas if the system 
has generated it, the program execution may or may not 
terminate. 
Program messages: 
1) INVALID COMMAND. The message is displayed when the 
user tries to enter a command which does not belong to the 
program commands described in the previous section. It may 
be displayed during execution of command P, which has to be 
terminated by X, otherwise even the valid commands will be 
treated as invalid. 
2) ILLEGAL SOURCE. This message can be generated if 
input data device entered is other than K or T. The program 
will ask for data source again. 
3) NO. OF PTS OUT OF RANGE, DATA INVALID. If a datafile 
has not been created by the program but has been created 
independently and the number of points does not lie in the 
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range 2 <_ N: 256, the above message is displayed, the data 
is rejected and the program waits for a new command. 
4) INVALID No. If the number entered for NUMBER OF 
POINTS IS <2 or > 256, the number is rejected with the 
above message and a new number is asked for. 
5) POINT OUT OF RANGE. This error message can be 
enforced when one tries to modify a point number which does 
not exist in memory. 
6) INVALID PARAMETER. If a parameter name other than 
one of the ten program parameters AV, ..., PD is entered, 
the above message is displayed. It can also be generated 
by the commands V or G, (which are not applicable to PD) if 
PD is typed in. 
7) SEGMENT DOES NOT EXIST. The message may be generated 
by either D or V command if a segment not present in memory 
is called for. If the message is displayed while trying to 
see the first data segment, it implies that if there was 
any data, it has been destroyed somehow. 
8) TOTAL NO. EXCEEDS 256, ENTER AGAIN. Under the 
command 0, when the data points are being appended, if the 
sum of the number of points in memory and the number to be 
added exceeds 256, the above message is generated. A new 
smaller value should be entered. 
9) INVALID COMMAND, FRAMES NOT CREATED. The commands, 
P, R, G and V can not be executed until the intermediate 
frame values have been calculated by command C. If any of 
these commands is entered before C has been executed, the 
above message will be displayed and the program waits for 
a new command. C should be executed first, and then the 
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required command entered when '*` is displayed. 
10) MODIFY PD POINT NUMBER. The message can be generated 
while either entering the data or modifying PD value for any 
point and the value of PD entered is not a multiple of FI. 
The next line will display the two nearest values which are 
multiples of FI, as follows. 
SHOULD BE EITHER 'L1' OR 'L2' 
where L1 and L2 are values less than and greater than the 
actual value of PD. The user has to decide the new value 
and enter it. 
The above message can also be generated while shift- 
ing PD values for all points using the command 0 or reading 
a datafile created independently. In such a case, the 
message will be repeated for all points having an invalid 
PD value and the user must not be down the point numbers 
to modify each illegal value. 
11) MODIFY PD. This message is generated by command C 
if the illegal values of PD for the points displayed in 
message 10 (generated by command 0 or tape input) have not 
been modified. User must detect and modify error values. 
Error messages generated by system 
1) RE DO FROM START. The message is generated if the 
type of data entered does not match with the type 
required. e. g. if numeric data is entered for a 
parameter name or vice versa. The program execution 
does not terminate and entering the correct value 
will continue the program. 
-561- 
2) ILLEGAL QUANTITY ERROR IN 1340. The message can be 
generated while executing command C, if either a 
parameter value is out of its range or a last point 
parameter value does not have a minus sign which it 
should have. 
The program execution will be terminated and to enter 
the program again, type in 
GOTO 180 
Then check and modify the error values. 
For any other message, consult the 
PET USER MANUAL 
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TABLE OF PARAMETERS` LIMIT VALUES 
Parameter Low Value High Value 
AV 0 255 
FO 74 464 
Fl 175 1452 
F2 527 4356 
F3 1704 5508 
AH 0 255 
AF 0 255 
FF 1705 14160 
AN 0 255 
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Appendix (2) 
Photograph showing the instrumentation employed in the 
synthetic speech experiments. 
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Appendix (3) 
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Appendix (4) 
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Appendix (5) 
The SPSS file used for ANOVA in the main experiment 
on the articulation and aerodynamics of speech production. 
PPßESIZE 
HIN NAME 1983 EXPERIMENT 
VARIABLE LIST SPKR, RA2E, PCSN, TYPE, SINGFN, T1, T4, T2, AC, PO, UO, ACDUII, 
CDURV 
. INPUT MEDIUM 
F, 
DISK 
N OF. 'CASES 192 
INPUT FONT Ffa'IEED 
C Ul'E ACS7CRATIO=ACDURC/ACDURV 
COMPUTE ARVCRATIo=T2/'T1 
VAR LIBELS SPKR, SPE / 
RATE, SPEAKI RATE/ 
POSN, P06ITIcN/ 
TYPE, TYPE CF O&SG1NT/ 
SIlM34, SIN LE VS GEIZE/ 
T1, ARTICULATORY TIMING OF PRECEDING VC EL/ 
T4, ARTICUTATORY TIMING BETWEEN AC MIN OF H AND AC K [N 
CP S AND SS/ 
T2 , AR ICU ATORY DURATION CF C Nr/ 
AC, M NINHJM CF SS SEC'T'IONAL AREA CP SUPRAC TAL 
CONSTRICTION/ 
PO, ORAL PRESSURE/ 
UO, VOLL]NE AIRFZEW RATE/ 
AC DURC, ACCUSTIC DURATION CF CONSONANT/ 
ACDURV, A000STIC TIMT CF PRECEDING VMM/ 
Pcx RATIO, ACOUSTIC DURATION CF CONSONANT DIVIDED BY 
ACOLBTIC TIMING OF PRECEDING V(»EL/ 
P., R CRATTIO, ARTIICULATORY DURATION CF CONSONANT DIVIDED 
BY ARTICUTATOI 1 TIMING OF PRECEDING J EL 
VALUE LABELS SPKR (1) GG (2) AM/ 
RAZZ: (1) SLOW (2) FAST/ 
POSN (1) INITIAL (2) MEDIAL, / 
TYPE (1) FRICATIVE (2) PIWIVE/ 
SINGEM (1) SINGLE (2) GEMINATE 
ANOVA T2 BY SPKR(1,2) BPTE(1,2) PCSN(102) TYPE(1,2) SINGEM(1,2) 
OPTIONS 1,4 
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Appendix (6) 
The SPSS file used for the t-tests in the main 
experiment on the articulation and aerodynamics of speech 
production. 
PAGESIZE NCFJ DCT 
IJN NN 1983 EXPERII it 
VARIABLE LIST SPKR, RATE, POSN, TYPE, SINGEM, TI, T4, T2, AC, PO, UO, 
INPUT MEDIUM 
ACDURC, ACDURV 
DISK 
N CF CASES 192 
INPUT FORMAT FFETIIID 
CUTE AlCVCRATIO= URC/A(. XURV 
COMPUTE ARVCRATI0=T2/'rl 
VAR LABELS SPKR, SPEAMV 
RATE, SPEAKING RATE/ 
PCSN, PCSITICN/ 
TYPE, TYPE CP CONSC ANT/ 
SINGEN, Sn LE VS Gß , TW 
T1, ARPICUTATOI« TIMING CF PRECEDING VOWEL/ 
T4, ARTICUTATOR1 TIMING BET= AC MIN CF H AND AC 
MIN CF S AND SS/ 
T2, ARZTCULATORY DURATIC« OF CCNSCNANT/ 
AC, MINIM[}1 CROSS SE 'T'ICNAL AREA CF SUPRAC 'TAL 
O STRICTICN/ 
PO, ORAL PRESSURE/ 
UO, VOLUME AIRFT I RAZE/ 
ACrUI, ACOUSTIC DURATICN OF 0t1SCNANT/ 
ACDURV, Aa)USTIC TIMING OF PRECEDING VC EE/ 
ACVCPATIO, ACOUSTIC DURATICN CF CONSONANT DIVIDED 
BY ACOUSTIC TIMING CF PRECEDING VOWEL/ 
ARVCRATIO, ARTICUTATORY DURATION CF CONSONANT DIVIDED 
BY ARTICULATORY TIMING CF PRECEDING VOWEL 
VALUE LABELS SPKR (1) GG (2) PM/ 
RATE (1) SLOW (2) FAST/ 
PCSN (1) INITIAL (2) MEDIAL/ 
TYPE (1) FRICATIVE (2) PLCSIVE/ 
SINGEN (1) SINGLE (2) GEMINATE 
SELECT IF (SPKR ED 1 AND PCSN BQ 2 AND TYPE DQ 1 AND SINGEN DQ 2) 
T -TEST GROUPS--RATE/VARIABLES--T2 
OPTIONS 1,4 
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Appendix (7) 
Table (1A) 
Arvcratio values1 obtained from dividing the articulatory 
duration of the consonant (T2) by the articulatory timing 
of the preceding vowel (T1). See tables 6.39,6.41,6.43 
and 6.45. 
T2 T1 Arvcratio 
54 93.0 0.58 
54 85.3 0.63 
47 93.0 0.51 
47 93.0 0.51 
54 93.0 0.58 
54 93.0 0.58 
47 93.0 0.51 
54 77.5 0.70 
47 77.5 0.61 
54 93.0 0.58 
47 93.0 0.51 
47 85.3 0.55 
171 124.0 1.38 
155 100.8 1.54 
140 131.8 1.06 
124 131.8 0.94 
155 116.3 1.33 
132 124.0 1.06 
116 93.0 1.25 
109 85.3 1.28 
101 77.5 1.30 
109 93.0 1.17 
109 85.3 1.25 
101 100.8 1.00 
1. The values are rounded up to the second decimal place. 
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T2 T1 Arvcratio 
39 85.3 0.46 
39 85.3 "0.46 
47 77.5 0.61 
39 77.5 0.50 
39 85.3 0.46 
39 85.3 0.46 
39 69.8 0.56 
31 85.3 0.36 
31 69.8 0.44 
31 69.8 0.44 
31 69.8 0.44 
39 77.5 0.50 
155 85.3 1.82 
163 85.3 1.91 
163 85.3 1.91 
147 77.5 1.90 
155 77.5 2.00 
140 77.5 1.81 
85 77.5 1.10 
109 77.5 1.41 
93 69.8 1.33 
109 77.5 1.41 
101 77.5 1.30 
109 77.5 1.41 
47 85.3 0.55 
54 108.5 0.50 
70 62.0 1.13 
62 77.5 0.80 
62 77.5 0.80 
62 93.0 0.67 
70 62.0 1.13 
62 93.0 0.67 
47 62.0 0.76 
39 77.5 0.50 
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T2 T1 Axvcratio 
54 93.0 0.58 
54 73.6 0.73 
140 77.5 1.81 
124 85.3 1.45 
194 93.0 2.10 
140 89.1 1.57 
163 93.0 1.75 
147 77.5 1.90 
109 85.3 1.28 
132 69.8 1.89 
101 77.5 1.30 
116 85.3 1.36 
116 85.3 1.36 
124 93.0 1.33 
54 89.1 0.61 
47 77.5 0.61 
54 69.8 0.77 
62 85.3 0.73 
54 77.5 0.70 
54 85.3 0.63 
47 77.5 0.61 
47 77.5 0.61 
39 77.5 0.50 
39 69.8 0.56 
39 81.4 0.48 
39 77.5 0.50 
171 100.8 1.70 
140 93.0 1.51 
147 85.3 1.72 
140 89.1 1.57 
155 93.0 1.67 
140 77.5 1.81 
124 89.1 1.39 
-572- 
T2 T1 Arvcratio 
124 77.5 1.60 
124 85.3 1.45 
124 85.3 1.45 
124 77.5 1.60 
132 77.5 1.70 
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Table (2A) 
Acvcratio valuesl obtained from dividing the acoustic 
duration of the consonant (t2) by the acoustic timing 
of the preceding vowel (t1). See tables 6.39,6.41, 
6.43 and 6.45. 
t2 ti Acvcratio 
85.3 69.8 1.22 
92.0 69.8 1.33 
77.5 77.5 1.00 
77.5 69.8 1.11 
85.3 62.0 1.38 
77.4 62.0 1.25 
62.0 69.8 0.89 
77.5 62.0 1.25 
69.8 69.8 1.00 
77.5 62.0 1.25 
77.5 69.8 1.11 
69.8 62.0 1.13 
193.8 85.3 2.27 
162.8 85.3 1.91 
178.3 69.8 2.55 
170.5 69.8 2.44 
178.3 69.8 2.55 
170.5 62.0 2.75 
131.8 69.8 1.89 
131.8 62.0 2.13 
116.3 62.0 1.88 
131.8 77.5 1.70 
124.0 69.8 1.78 
116.3 69.8 1.67 
1. The values are rounded up to the second decimal place. 
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t2 t1 Acvcratio 
31.0 85.3 0.36 
31.0 93.0 0.33 
38.8 85.3 0.45 
38.8 85.3 0.45 
31.0 85.3 0.36 
31.0 85.3 0.36 
31.0 77.5 0.40 
31.0 77.5 0.40 
31.0 62.0 0.50 
31.0 69.8 0.44 
31.0 69.8 0.44 
38.8 69.8 0.56 
139.5 93.0 1.50 
147.3 100.8 1.46 
147.3 85.3 1.73 
139.5 85.3 1.64 
139.5 85.3 1.64 
131.8 77.5 1.70 
77.5 85.3 0.91 
100.8 69.8 1.44 
93.0 69.8 1.33 
93.0 85.3 1.09 
100.8 77.5 1.30 
93.0 77.5 1.20 
62.0 69.8 0.89 
77.5 100.8 0.77 
108.5 54.3 2.00 
96.9 62.0 1.56 
77.5 77.5 1.00 
85.3 100.8 0.85 
69.8 65.9 1.06 
65.9 89.1 0.74 
73.6 62.0 1.19 
3 
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t2 t1 Acvcratio 
62.0 69.8 0.89 
93.0 77.5 1.20 
69.8 62.0 1.13 
155.5 77.5 2.01 
139.5 81.4 1.71 
193.8 73.6 2.63 
170.5 77.5 2.20 
189.9 77.5 2.45 
166.7 69.8 2.39 
124.0 73.6 1.68 
155.0 69.8 2.22 
139.5 62.0 2.25 
147.3 69.8 2.11 
143.4 69.8 2.05 
139.5 73.6 1.90 
50.4 96.9 0.52 
46.5 85.3 0.55 
50.4 77.5 0.65 
54.3 93.0 0.68 
46.5 77.5 0.60 
46.5 100.8 0.46 
42.6 77.5 0.55 
46.5 93.0 0.50 
42.6 77.5 0.55 
31.0 93.0 0.33 
38.8 85.3 0.45 
34.9 77.5 0.45 
170.5 100.8 1.69 
135.7 93.0 1.46 
147.3 85.3 1.73 
135.7 96.9 1.40 
155.0 93.0 1.67 
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ti Acvcratio 
139.5 96.9 1.44 
131.8 93.0 1.42 
131.8 93.0 1.42 
131.8 85.3 1.55 
124.0 93.0 1.33 
127.9 77.5 1.65 
131.8 77.5 1.70 
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